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EFFECTS OF SPACE EXPOSURE ON METALS
FLLOWN ON THE LONG DURATION EXPOSURE FACILITY

FOREWORD

This report describes the results from the testing and analysis of metals flown on the Long
Duration Exposure Facility (LDEF). This work was carried out by Boeing under two
Contracts, NAS1-1822  ask 12 (October 1989 through May 1991), and NAS1-19247,
Tasks 1 and 8 (initiatec ~ ; 1991). Sponsorship for these two programs was provided by
the National Aeronar~” . ! Space Administration, Langley Research Center, Hampton,
Virginia,

Mr. Lou Teichman, NASA LaRC, was the NASA Task Technical Monitor. Mr. Teichman
was replaced by Ms. Joan Funk, NASA LaRC, following his retirement. Mr. Bland Stein,
NASA LaRC, was the Materials Special Investigation Group Chairman, and was replaced
by Ms. Joan Funk and Dr. Ann Whitaker, NASA MSFC, following Mr. Stein's
retiremefit. The Materials & Processes Technology organization of the Boeing Defense &
Space Group was responsible for providing the support to both contracts.

The following Boeing petsonnel provided ctitical support throughout the program.

Sylvester Hill Task Manager

Dr. Gary Pippin Technical Leader
Dr. Steven W. Spear Analysis

Dr. John L.Golden Analysis

Valerie A. Loebs Testing and Analysis
Jesse T. Cherian Testing and Analysis
Mark Dubois Testing and Analysis
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LU0 INTRODUCTION

The Long Duration Exposure Facility (LDEF) greatly extended the range of data available for
metals exposed to the low Earth orbit (LEO) environment. The effects of LEO exposure on metals
includes meteoroid and debris impacts, cosmic rays, solar particles, solar radiation, thermal
cycling, oxidation and contamination. The LDEF environment primarily affected metals surface

properties. Surface property changes afford a means to study the environment as well as in-space
stability of metals.

The objective of this report is to summarize the effects of the LEO environment on the various
metals cartied on LDEF experiments and on metals making up the external surfaces of LDEF, The
effects to be considered are changes in surface texture, oxidation depth, erosion depth, material
growth, contamination, concentration of surface elements, physical properties, thermal properties,
and optical performance. Data on these effects will be summarized for each metal.

Much of the information used herein is published in NASA Conference Publications (refs. 1-3).
Overviews of LDEF materials findings are presented in references 4, 5, and 6. Additional material
used herein has not yet been published by NASA. These additional findings include some papers
presented at the Third LDEF Post-Retrieval Symposium, November, 1993 and work conducted
subsequent to this meeting.

2.0 DESCRIPTION OF LDEF

The LDEF was designed to utilize the two-way transportation capability of the Space Shuttle and
was deployed in a nearly circular low Earth orbit (LEO) on April 7, 1984. The initial mean altitude
for the mission was 482 km and the orbit was inclined 28.4° to the equator. Mission duration was
2,106 days or nearly six years. Figure 1 shows LDEF as photographed from the Shuttle crew
cabin window during recovery. The following description of LDEF is based on that given in
NASA SP-473 (ref.7).
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Figure 1. A view of LDEF from the crew compartment of the Space Shuttle Columbia during
retrieval operations (NASA photograph).
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2.1 Structure

The geometry and coordinate system of LDEF are shown in Figure 2. Thic vehicle structure is 12-
sided, 30-feet long, 14-feet in diameter, and weighs 8000 Ib, The structure is an open grid of
aluminum rings and longerons (fore and aft framing members). The center ring frame and end
frames are of welded and bolted construction. The longerons are bolted to the frames. Intercostals
(crosspicces positioned between the main rings) are bolted to the longerons to form intermediate
rings. The main load of the LDEF is transmitted to the orbiter through two side trunnions on the
center ring, A keel fitting on the center ring gives lateral support. An end support beam, attached
by a pin joint to one <nd frame, takes vertical loads and ensures that loads through the attachment
fittings are static.

In orbit, the long axis of the vehicle pointed away from the Earth. The coordinate system as
indicated in Figure 2 is right handed. The z-axis and vehicle heading are nearly coincident. The
y-axis is nearly horizontal. The x-axis points vertical, parallel to the long axis of the vehicle.

2.2 Designations oif LDEF Rows and Bays

Bay locations for experiments are designated by row numbers and tray letters as shown in Figure
2. Looking toward the Earth end of the vehicle, row numbers increase in a clockwise direction (1
through 12). The tray letters increase¢ upward in the vertical direction (A through F).

3.0 LDEF ORBITAL ENVIRONMENT
3.1 Angle From Ram

Because of LDEF’s 12-sided geometry, atomic-oxygen fluence varied for experiments from row to
row. Angle from the ram direction for e4ch experiment bay is shown in Figure 3. The angle of
each experiment tray surface with the ram direction was determined by the fixed structural
geometry of the vehicle and its constant flight attitude while in orbit. The angle from ram varied
for each experiment row. Thus, the LDEF was ideally suited to experimental determination of the
cffects of atomic oxygen on materials.




YAW: 8.1 Degrees
PITCH: 0.8 Degrees
ROLL: 0 Degrees
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Figure 3. LDEF Angles of Surfaces From The
Ram Direction in Degrees.
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The angles given in Figure 3 include the pitch and yaw angles for the vehicle determined by Bruce
Bunks, NASA Lewis Reseaz.ti Center (ref, 8), The yaw angle is 8.1° with the spacccraft turned so
that the ram direction lies between rows 9 and 10, Pitch angle is 0.8° with the space end of the
vehicle pitched forward. Roll angle is zero.

3.2 Atomic Oxygen Fluence Versus Incidence Angle

Atomic oxygen fluxes and fluences for I DEF were calculated as described and updated in
references 9 and 1. A brief summary of the factors affecting the atomic oxygen exposure of
LDEF experiments is presented herein.

Molecules in a gas in thermal equilibrium have a Maxwellian speed distribution characteristic of
their temperature. At 1000 K, the average molecular speed of atomic oxygen is 1.15 km/sec
compared to an average speed of a spacecraft relative to the atmosphere of 7.24 km/sec at 400 km
altitude in an easterly orbit. Thermal molecular motion affects atomic-oxygen flux on a surface at
high incidence angles.

The atomic oxygen calculation takes into account the effect of thermal wolecular motion. The effect
is shown in Figure 4. The plot comipares atomic oxygen flux corrected for thermal molecular
velocity with values calculated by ignoring thermal molecular velocity. When thermal molecular
velocity is considered, the calculations show that surfaces parallel to the ram direction receive
approximately four percent of the head-on flux. Surfaces at angles greater than 90° from ram
experience a small atomic oxygen flux. For incident angles less than approximately 87.5°,
predicted atomic oxygen fluxes with or without the inclusion of thermal velocity are nearly equal.

3.3 Atomic Oxygen Fluence Versus Time

Atomic oxygen flux was not constant during the mission. Decreasing solar activity caused atomic
oxygen flux to decrease during the first three years of flight. Thereafter, the combination of
increasing solar activity and decreasing altitude caused atomic oxygen flux to increase rapidly.
Figure 5 shows ram direction atomic oxygen fluence for LDEF expressed as a percent of total
fluence for the mission. This plot reflects the combined effect on atomic oxygen fluence caused by
varying solar sctivity and loss of altitude. Roughly 50 petcent of the atomic oxygen exposure
accumulated Auring the last six months of the LDEF mission. The last year of the flight accounted
for roughly 75 percent of the exposure.
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3.4 Atomic Oxygen Fluence

Figure 6 shows thé mission total atomic oxygen exposure accumulated on each row and longeron
during the LDEF mission. The view is of the Earth end of the spacectaft. In this view, row
numbers increase in the clockwise direction. The ram direction lies between rows 9 and 10. All
trays on a row received the same atomic oxygen fluerice.

The data given in Figure 6 include an estimate of atomic oxygen exposure received by LDEF
during an attitude excursion on retrieval which was added to the fluence accumulated during orbital
flight. The attitude excursion provided most (row 1), or virtually all, the atomic oxygen fluence on
row 1 (2.9x1017 atoms/cm?2), longeron between rows 1 and 2 (1.5x1017 atoms/cm?), row 2
(1.5x1017 atoms/cm?2), longeron between rows 2 and 3 (1.4x1017 atoms/cm?), and row 3
(1.3x1017 atoms/cm?2). The values shown in parentheses are total exposure, mission plus
retreival, With the exception of row 1, which received a fluence of 1.2x1017 atoms/cm? prior to
retreival, insignificant amourits of atomic 6xygen impinged on rows 1-3 during the on-orbit
exposure.

Because the vehicle was pitched so that the space end was forward of vertical, trays on the space
end of the vehicle received more atomic oxygen than did trays ~ the Earth end of the vehicle
during flight.

3.5 Solar Exposure

Figure 7 summarizes cumulative equivalent sun hours (ESH) exposure from direct solar and Earth
reflected radiation at each LDEF tray location (ref. 11). As may be seen from the figure, the
highest solar exposure is to the space end and the lowest is to the Earth end of the vehicle. Of the
12 rows, the leading row and trailing row (rows 9 and 3 respectively) received the highest
exposure. Those rows nearly parallel to the ram direction (rows 6 and 12 respectively) received
the lowest exposure, about 60 percent of the leading edge exposure.
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Build-up of cumulative equivalent sun hours with time is quite linear for Earth and space end bays
and for leading edge and trailing edge rows, 9 and 3 respectively. Build-up of cumulative
equivalent sun hours for north and south facing rows, 6 and 12 respectively, show a seasonal
effect. Row 12 is oriented in a northerly direction and, hence, received the most intense radiation
in the northern hemisphere suhmer and the least intense radiation in the northern hemisphere
winter. The opposite is true for row 6, which is oriented in a southerly direction. Seasonal effects
decrease as row orientation becomes perpendicular to ram direction. Seasonal effects are explained
more thoroughly in reference 11.

4.0 LOCATIONS OF LDEF EXPERIMENTS

Fifty-seven science and technology experiments involving investigators from the United States and
nine other countries were flown on the LDEF mission. Each of these experiments is discussed in
referenice 7. The arrangement of peripheral experiments on the LDEF structure for the LDEF
mission is illustrated in Figure 8. The arrangement of Earth-end-tray and space-end-tray
experiments for the LDEF mission is illustrated in Figure 9.

Typical trays for mounting experiment hardware to the periphery of the LDEF structure are 34-
inches wide and 50-inches lonig. Trays for mounting hardware on the end frames are smaller, 34-
inches square. The depth of the trays is varied as required by the experiments. For the LDEF
mission tray depths were 3, 6, and 12 inches.

The weight that can be accommodated in the trays is 800 Ib for peripheral trays and 2C0 Ib for end
trays. The combined weights of the mission experiments was approximately 21,400 1b.
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§.0 EFFECTS OF LEO ENVIRONMENTS ON METALS

A wide variety of metallic (and semiconductor) materials were flown on the LDEF. The mixture
included pure metals, alloys, metallic coatings on selected substrates, and metal matrix composites
(discussed in ref 12.). Aluminum, gold, titanium, copper, steel, and lead were used in specific
engineering applications ranging from the structural members to impact collection plates, nuts and
bolts, ballast, and thermal panels.

Metal alloys flown on LDEF include Monel, brass, bronze, Inconel, copper-beryllium, copper-
nickel, tin-lead, and stainless steel. With the exception of the Monel wires on experiment A0038,
and the stainless steel bolts, these materials were experiment support hardware, and not generally
subjéct to direct exposure. Except for stainless steel, investigations carried out on these materials
have been limited in scope. No anomalies of any kind have been identified as being due to these
materials.

This report includes a comprehensive set of references which discuss performance of specific
metals, results of analyses of bare aluminum clamps, copper grounding straps, and stainless steel
bolts, and a comparison of results and summary of findings for each given material by different
investigators.

The depth and nature of analyses on different specimens vary widely depending on the goal of the
experiment. To organize and draw conclusions from many different sources results are covered
metal by metal. A number of the findings summarized from A0114 are taken from unpublished
studies. The principal investigator for this experiment is Dr. John Gregory of the University of
Alabama-Huntsville.

Raw data for a series of studies on LDEF stainless steel bolts, aluminum clamps, and copper
surfaces are included in the appendices of this report. Collectively, the appendices document the
distribution of silicon based contamination on LDEF surfaces. Data for the initial surface
characterization of the bolts are reported in appendix A. Appendices B and C are compilations of
auger data from the aluminum tray clamp and stainless steel bolt head surfaces, respectively.
ESCA data from sutface analysis of copper grounding straps is reported in appendix D. ESCA
survey spectra from selected aluminum tray clamp surfaces are reported in appendix E.

12




5.1 Aluminum

Most aluminum used on LDEF was chromic acid anodized to achieve desired thermal performance.
The performance of the anodized material has been previously extensively reported (refs, 13-16),
As part of M0003, Boeing flew an alodined plate and a sulfuric acid anodized plate on tray D3, On
A0019, a bare aluminum (2219) frame was used to hold composite specimens. Areas of this frame
were visibly contaminated, but this hardware was not examined quantitatively. Four tray clamps
on both tray C9 and C3 were made of unanodized aluminum, Surface analysis data of these
clamps using ESCA and depth profile analysis by Auger are presented in appendix A.

Surface elemental composition for selected tray clamps as determined by ESCA measurements is
also reported in this appendix.

Rockwell alodined the aluminum framiework which held their composite specimens in place on
experiment A0175. This material appeared faded and discolored in comparison with pre-flight
photos, but no quantitative comparison is available,

While little change was observed in the optical properties of any aluminum material, the
unanodized clamps have much pooret values of absorptance (cr) and emittance (g) in comparison
with the anodized clamps. A polished aluminum specimen on tray D3 was in excellent condition
post-flight with no change in optical properties,

Table 1 shows the results of post-flight optical properties measurements for selected bare and
anodized aluminum clamps and a typical T-6061 aluminum panel for comparison. Measurements
on the flight samples include results from both exposed and unexposed surfaces. Bare aluminum
specimens were flown on tray D3, one on the Boeing module (ref. 17) and as one part of the
MO002-1 experiment (refs. 18-19). This experiment also included specimens of Cu, Ni, Ta, Zr,
Si, and W, each held in place by an aluminum bar. Locations of the experiment included trays D9,
D3, and G12. The 82° orientation from ram for the Cu and Si specimens, coupled with the nearby
Structure and the position of these materials in a recessed portion of the tray minimized the atomic
oxygen exposure. Figure 10 shows a post-flight photograph of the M0002- 1 experiment mounted
in its tray. The metallic specimens are flat plates mounted on the side of the impact "camera"
assembly from the cylinder (specimens toward the top of the photo).

13
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Figure 10. Photograph of a Module ftom the M0002 Experiment.
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Specimen o €

C3-s exposed area 1 0.73 0.08

exposed area 2 0.74 0.08

unexposed side 0.71 0.13

C9-7 exposed area 1 0.70 0.06

exposed area 2 0.69 0.06

unexposed side 0.72 0.09

C9-2 exposed 0.31 0.17

unexposed side 0.31 0.19

C3-6 ex 0.33 0.15

unexposed side 0.31 0.15

CAA control #4 side with paint button 0.31 0.20

"back" 0.31 0.18

CAA clamp,row 9  exposed 0.34 0.145

unexposed side 0.34 0.145

"Bare" 6061 panel 0.31 0.04

Table 1. Optical properties of bare aluminum ¢lamps flown on the leading and trailing edges
of LDEF conpared with values for chromic acid anodized (CAA) and ground
control materials.
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e P8.2 Cadmium

Cadmium plated roller bearings were flown on the Boeing module of tray D3. Post-flight
examination of the cadmium showed some apparent wear, but this may have been due to pre-flight
handling. Cadmium did remain on cach of the 3 bearings. Cadmium plated washers, with an
anodize overcoat, were used on the fastening system for the Boeing composite pancl on tray D9,
No evidence of wear or loss of cadmium was observed,

i
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Figure 11. NASA post-flight photo of copper grounding strap from LDEF experiment AQ178.
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§.3 Copper

Bare copper specimens wer¢ flown on experiments A0114, M0OO2-1, and A0171, Copper was
used as grouriding straps at 17 locations where silverized Teflon thermal control blankets were
used. Twelve of the straps were provided to Becing for analysis. Optical propertics were obtained
for at least two locations on cach clamp. A photograph of a copper strap is shown in figure 11.
Plots of absorptance and emissivity versus atomic oxygen and solar exposure have been published
(ref. 20) and are reproduced in figures 12 and 13. Data from measurements by other groups have
been added to the measusements by Boeing. Each copper strap has two distinct regions, directly
exposed to the environment, oriented at 15° relative to each other, which are large enough to allow
optical measurements. Optical properties are shown in table 2. Detailed surface analysis has been
carried out on selected clamps and a ground control specimen taken from the original roll of copper
tape used to make the grounding straps. The ESCA spectra obtained for multiple locations along
the seiected clamps are presented in appendix D. Analysis of 5 grounding straps was carried out
by ESA (ref. 21). Estimates were made of oxide thicknéss versus fluence. The oxidé was
identified as CuO with a top layer of CuO which was likely formed post-flight during ground
storage. Oxide coating thicknesses reported for samples from M000Z-2 and A0114 (ref. 22) also
show films in the 100 nm or thinner range, for exposed specimens. Optical properties have also
been published for these specimens. The values reported for the A0114 specimen are for an
optically thin specimen and were not cortected for transmission. A copper specimen was also
flown as part of AO171(ref. 23) and the optical values for this specimen are reported in table 3.

18
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Specimen angle from ram
Al0 36.9
Al0 21.9
B7 53.1
B?7 68.1
C8 23.1
C8 38.1
Ci11 66.9
Ci11 51.9
D11 66.9
DIl 519
A2 156.9
A2 141.9
A4 143.1
A4 158.1
BS 113.1
BS 128.1
C5 113.1
Cs 128.1
D5 113.1
D5 128.1
F2 156.9
F2 141.9
F4 143.1
F4 158.1
Grouné Control

4]

0.532
0.480
0.513
0.418
0.595
0.514
0.392
0.421
0.442
0.532
0.387
0.328
0.366
0.317
0.363
0.384
0.352
0.313
0.323
0.321
0.285
0.301
0.304
0.327
0.232

€

0.060
0.015
0.050
0.033
0.021
0.022
0.016
0.020
0.028
0.021
0.019
0.011
0.020
0.015
0.013
0.012
0.015
0.020
0.017

0.021
0.012
0.013
0.014
0.017

Table 2. Op..cal properties from coppeér grounding straps and other selected copper specimens

exposed on LDEF.

AO0114
Row 3
Row 9

A0171
Row 9

Table 3

Olun

0.29 0.29
0.37 0.86

0754

Oex
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Opost
0556
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5.4 Gold and Iridium

Gold plates wete exposed or . 0187, tray A3. This was the collection surface for a meteoroid and
debris impact experiment. No surface analysis of this material has been carried out. No changes
in the properties of the gold were noted for specimens flown on A0114 (ref, 22). A thin
contamination layer was reported for these specimens and slight changes in reflectance are
attributed to this film. Differences were also noted in appearance of leading versus trailing edge

gold specimens, most likely attributable to surface contamination deposits and subsequent
interactions with solar UV radiation.

5.5 Molybdenum

Molybdenum specimens on A0114 row 8 showed expected oxidation (ref. 22) and absorptance
change (0.45 t0 0.69). Slight changes in reflectance due to flight exposure were observed for
trailing edge specimens. Formation of a thin contaminant layer is the likely cause. Similar changes
in optical properties were observed for molybdenum A0171 specimens fromrow 8. An
absorptance increase of 20 percent and an emissivity increase of about 2 percent was measured
over the duration of the mission (ref. 23).

5.6 Nickel

Nickel specimens or coatings were flown on 4 experiments (refs. 18, 19, 22, 23, 24). Elemental
nickel was flown on tray D3, M0O0O3 experiment (ref. 25). In spite of the trailing edge location,
the exposed portion of this specimen showed a 30 nm thickness increase relative to the unexposed
area. This specimen was exposed to atomic oxygen for a brief period of time during retrieval, The
oxide coating on this nickel specimen was highly porous, as were many of the thin metal oxides
examined on exposed portions of metal specimens on the MOOO2 experiment. An ext:mely thin
(1000 A) nickel coating with a 600 A overcoat of silicon dioxide protected composite substrate |
material on tray B9. The nickel specimen flown on A0114, row 9 showed an absorptance change
of about 0.11. The AO114 nickel specimen on row 3 was essentially unchanged.

- -
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5.7 Silver and Osmium

Silver and osmium films, flown on the leading edge (experiment A0034), but exposed only
indirectly to atornic oxygen, were both compictely eroded (ref. 26). Identical trailing edge
specimens show some oxidation. Exposed silver at leading edge locations showed darkening,
surface roughening and oxidation. These effects were expected, given severe damz se to silver
observed on shuttle flights. A silver specimen from experiment A0171 showed absorptance
changes from 0.251 to 0.872, and emissivity changes from 0.039 to 0.141, due to flight exposure
(unpublished data, percent changes are shown in ref. 27).

5.8 Silicon

Silicon was detected on many LDEF surfaces and a number of localized sources have been
identificd. The silicon specimen from the M1002 experirhent showed a distribution of oxide
thicknesses across the specimen surface, most likely due to the oblique angle of incidence of the
atomic oxygen and the complex shape of the surrounding structure.

Using ESCA techniques, silicon-containing species were detected on selected tray clamp bolt heads
(A8-6B, B7-5A, E9-1C, F11-8B), from near leading edge locations. Infrared spectroscopy was
used in an attempt to further identify the nature of the silicon-containing species. No residue was
visible on the surfaces of the bolts selected for this examination. The bolts were washed in hexane
because low molecular weight silicones should be soluable in this solvent. The heads of three
bolts were individually rinsed with spectral grade n-hexane. The solvent was re-aspirated and
pipetted onto a salt plate for IR analysis. The entire washer and bolt head of the fourth sample was
rinsed with hexane. No spectral evidence of silicone was observed for any of the four bolts. This
likely occured because the silicone had polymerized and was no longer soluable in n-hexane, or
was present at too low a concentration to detect using IR, or had been oxidized to SiOx by atomic
oxygen. Each of these reasons probably contributed to the null result from the IR measurements.

Survey ESCA spectra for these and other bolts are shown in appendix A. These bolts were
selected to be representative of all the exposure environments present on LDEF. Detection of iron
on many bolt surfaces by ESCA is an indication of a very thin film or incomplete covering of the
surface. This is because ESCA probes only the first 20 to 50 A of material and the iron source is
the bolt alloy itself. To determine the nature of the silicon species (ofganic or inorganic) on the bolt
heads, high resolution ESCA has been carried out on a selected set of bolts. Results of this effort
are included as part of the stdinless steel analysis.
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5.9 Chromium

Stainless steel bolts used to hold the tray clamps contained Cr in the alloy. A portion of tray F6
and the Earth end panels covering about half the area on the Earth enid of LDEF (photo) wete black
chrome plated. A detailed investigation was made into the appearance of the black chrome plated
coated module cover on the McDonnell-Douglas experiment from tray F9 (ref, 28). Figure 14 is
an in-flight photo of A0076, tray F9, showing the heat pipe electronics module cover in the lower
left corner, with a piece of aluminum from the failed MLI blanket folded over one end of the
module. Figure 15 is a post-flight close-up of the black chrome plated electronics module cover.
Contamination has been ruled out as a cause of the discoloration pattern. While tempetature
extremes seem a likely cause, the end-of-life optical properties ratios (0/€) are not great enough to
suggest temperature driven phase changes. It is clear that the discoloration patterns are connected
with the failure of the aluminum backed Kapton blanket and subsequent shielding of certain areas
by the blanket remnants. Areas from black chrome plated Earth end panels were examined for
oxide thickness and composition. These panels each have a lip oriented at right angles to the main
area of the panel. The lip of panel 916-10A was mounted on the row 10 longeron with its surface
oriented in the same direction as the row 10 trays. The curved region of the panel experienced a
range of exposure from 22° from ram to 90° from ram.

5.10 Stainless Steel

Stainless steel bolts were used at virtually every set of exposure conditions on LDEF. The bolt
heads of the bolts used to hold the tray clamps in place essentially viewed space, with most bolts
having no line-of-sight view factor to other LDEF hardware. The only exception is that some bolts
were line-of-sight to the trunnions and scuff plates. In the post-flight de-integration facility (SAEF
II building clean room) at KSC, the bolts were sealed inside clean bags and placed inside clean
plastic bottles. Therefore, the bolt heads make a valuable set of contamination witness plates,
paricularly when examined for potential silicone deposition.

One concern for the Intemational Space Station is that shuttle proximity operations will cause
certain space station surfaces to exceed their annual/mission budgets for silicon base contamination
due to Space Shuttle outgassihg. When the LDEF was in the payload bay of the Space Shuttle
Challenger prior to deployrhent, and in the payload of the Space Shuttle Columbia after retrieval,
the bolts were in direct line-of-sight to parts of a Space Shuttle. Analysis of LDEF bolt head
surfaces offered a chance to determine if Space Shuttles may be a source of silicon contamiriation.
While the results fro.n the bolt head surfaces are suggestive, especially in combinatior with surface
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analysis from other LDEF surfaces, no firm conclusion was reached from analysising survey
ESCA spectra, Auger spec'ra, and elemental analysis values. Because silicon is a constituent of
the alloy of which the bolts are made, the masking effects of organic contanination, coupled with
the large variation in the organic content on the surfaces due to the wide range of atomic oxygen
exposures, did not allow for a firm conclusion until high resolution ESCA measurements were
carried out.

Table 4 includes elemental percent results determined by ESCA for each of the LDEF bolt head
surfaces and control specimens examined. The data shows a strong correlation between atomic
oxygen exposure and the percent elemental carbon on the surface. Because this data is reported on
a percent basis, this variation affects the other reported values and may mask trends or show
apparent trends which are not real. To put the reported silicon amounts on a common basis, the
silicon percents were ratioed to the percent iron reported. The iron has only one source, the bolts
them: lves, and the amount should be constant from bolt to bolt. This analysis is complicated
because the volume of material sampled in an ESCA measurement may include unknown
proportions of contamination layer and bolt. Atomic oxygen not only removes organic material but
oxidizes silicones to silicates, which also complicates this analysis. Auger analysis on selected
bolts show a contamination layer about 45A thicker on flight specimens relative to ground control
specimens.

The Si peak energies in the ESCA spectra range from 102 to 104 eV, as expected for oxidized
species; elemental silicon would show a peak at about 99¢V. There is about a 1 eV difference in
the silicon 2p peak of an ESCA spectrum between an organic silicone and an inorganic silicate, at
102.5 and 103.5 eV, respectively.
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Figure 14. On-orbit photograph of McDonnell-Douglas experiment on tray F9.
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Figure 15. Post-flight close-up photograph of blick chrome finish on aluminum electronics
module cover from experiment AG176 on tray F9.
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LDEF location %Fe %0 %C %Si %F
Ground Control - 12.05 80.78 1.51 -
Ground Control - 12.17 81.10 1.50 -
Ground Control - 1191 81.22 2.50 -
Ground Control - 12.30 78.83 1.46 -
F9 0.25 53.02 17.83 20.55 0.74
F9 . 49.91 22.17 19.52 0.58
E10 - 47.37 21.90 18.10 1.06
E10 - 47.08 23.10 18.19 1.02
E10 0.78 37.12 38.48 13.26 1.18
El10 0.57 38.86 34.92 14.47 1.09
Dii 1.63 49.41 17.74 15.93 1.03
D11 2.89 44.18 17.20 16.22 2.16
Bl1 1.50 48.76 18.14 16.88 1.04
B11 1.14 48.70 19.06 17.54 0.94
All 1.55 55.74 13.30 20.41 1.07
All 2.81 51.66 15.44 22.70 0.84
Al12 1.47 54.83 17.92 15.97 1.19
Al2 1.72 54.08 17.96 15.96 1.20
G12 - 45.56 24.55 16.50 1.29
G12 - 46.08 25.01 16.55 1.07
H6 1.71 50.04 28.04 12.13 0.97
H6 1.12 46.76 28.27 14.80 1.05
B1 1.43 52.80 13.02 17.36 0.76
B1 2.00 54.04 12.61 17.51 0.94
F2 1.09 46.62 19.63 14.52 1.13
F2 0.99 49.69 21.92 17.50 0.79
D2 2.10 46.29 27.33 13.96 2.05
D2 0.84 46.97 26.62 16.12 2.16
F2 1.43 46.90 24.54 14.42 1.50
F2 1.53 47.54 21.94 16.40 1.59
C3 1.09 45.89 32.41 11.56 0.65
C3 1.25 46.37 33.04 12.06 0.54
C3 0.73 37.37 44 .42 v.54 1.54
C3 - 29.74 55.25 5.65 1.31
E3 1.50 4295 33.61 11.90 -
E3 1.48 45.89 29.26 13.67 -
D4 - 38.80 40.96 9.54 0.59
D4 - 37.62 41.72 8.85 -
E4 0.47 30.09 53.55 5.96 1.61
E4 0.50 29.16 54.65 6.22 1.53
Cs 1.22 37.14 36.74 8.55 2.79
CS 1.20 41.80 28.26 14.07 2.88
D5 1.61 38.38 35.35 11.21 1.39
D5 1.29 40.01 35.35 10.58 1.45
B6 1.22 36.02 39.42 7.90 2.02
B6 0.58 30.67 49,25 6.36 1.70
B6 1.82 42.99 25.17 13.82 1.36

Table 4. Elemental %'s determined by ESCA for iron, silicon, oxygen, carbon, and fluorine
on tray clamp bolt heads from LDEF.
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LDEF location %Fe %0 %C %81 %F

B6 1.97 40.31 25.25 14.01 1.04
B6 0.51 44,38 35.01 2.22 111
F6 1.81 44.64 22.05 14,32 1.30
F6 1.49 47.73 25.07 12.41 1.20
F7 2.07 55.92 16.15 17.56 -
F7 2.77 52.87 16.67 18.35 .
E8 1.61 49.47 18.50 17.42 0.55
E8 2.65 47.10 16.61 17.60 -

Table 4 (continued). Elemental %'s determined by ESCA for iron, silicon, oxygen, carbon, and
fluorine on tray clamp bolt heads from LDEF.

Figures 16 and 17 show the energy of ESCA peaks representative of silicon based compounds
plotted against position on LDEF. Related auger spectra showing the depth profiles of silicon and
other major species on the stainless steel bolt heads are contained in appendix F. "Rows" 13 and
14 are the Earth- and space-ends, respectively. Figure 16 shows values taken from survey spectra
from stainless steel bolt heads, and while suggestive, the precision of this data is not sufficient to
distinguish between silica and silicone species. Figure 17 shows results from high resolution data
which does allow separation of "inorganic" and "organic" silicon containing species. The high
resolution spectra from which this data was obtained are included in appendix G. This data was
obtained from stdinless steel bolts examined by Boeing and from aluminum tray clamp surfaces
analyzed at Virginia Polytechnic Institute and State University (ref. 29). Control bolts show peaks
at 103.5-104 eV, as expected for silicates. Control tray clamps showed slight amounts of Si
preserit as silicone, with ESCA peaks at about 102.5 eV. The amount present on the control
clamps is significantly less than the amounts on the flight hardware, and may represent the
background level in the test chamber. Many of the tray clamps examined, particularly those from
trailing edge locations, show silicone related peaks. Specimens from rows 7, 8, and 12 each show
silicones present. One specimen from row 7, and specimens from rows 9, 10, and 11 indicate the
presence of silicates. ESCA probes about a depth of 20 angstroms. The presence of silicones on
leading edge surfaces indicate that this material was deposited at the very end of the mission,
subsequent to any atomic oxygen exposure. This is significant because LDEF materials had 69
months to outgas prior to this occurrence and are not likely sources.
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§.11 Tantalum, Tungsten, Zirconium

On tray D9, experiment M0002, a thin, porous layer of Ta20s was formed due to the exposure
conditions. A mixture of at least four oxides were found on the tungsten specimen surface. The
zirconium specimen on this experiment also formed a thin porous oxide layer during flight.
Results are discussed further in reference 19, including a table of oxide thicknesses on each metal
flown on this experiment. A portion of each specimen was shielded from direct exposure during
flight by an aluminum bar, effectively creating an “internal standard" for each sample. Reflectance
data for tantalum is published in reference 23.

5.12 Tin

Except for possible surface oxidatior on the leading edge specimens, this material was unchanged.

Trace amounts of contamination on all tin specimens from A0Q114 masked any effects on the metal
itself.

§.13 Titanium

The titanium specimen flown on experiment A0171 was half-expr.sed and half-protected. Only
slight changes in the optical properties were observed (ref. 23).

5.14 Platinum

No change in the properties of this matetial were observed. Extremely thin silicon based
contarnination was present on both specimens of this material flown on experiment A0114.

5.15 Textured Surfaces and Thin Coatings

Small variations in the thermal emittance of silicon and titanium coated specimens from ttie Ion
Beam Textured and Coated Surfaces Experiment were observed as a result of exposure on row 6
of the LDEF (ref. 30). Copper showed a rather large change (0.50 to 0.69) in thermal emittance.
Optical properties of Inconel, stainless steel, and black chrome $pecimens from the Ion Beam-
Textured and Coated Surfaces (IBEX) experiment were virtually unchanged. Textured, "leafing
aluminum" was used as an AO barrier for selected composite specimens from M0003. This
material vas virtually unchanged as a tesult of flight exposure.
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6.0 Components
6.1 Primary Structure

The primary structure and structural fasteners have been examined and reported on by several
groups (ref. 31). No changes due to the space environment exposure on LDEF have been found.

6.2 Cold Welding

Investigation of potential cold welding of metals in space was the subject of one part of the
FRECOPA experiment, A0138, (refs. 32-33). The Systems Special Investigation Group also
examined “a.dware for evidence of this phenomenon. Results of these investigations are presented
in reference 34. No evidence of cold welding of metals was found on LDEF.
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7.0 Summary

In summary, effects of exposure on metals ranged from essentially no effect, to surface
color changes due to contamination deposits, to some degradation due to oxidation, to extreme
damage and loss of material under atomic oxygen exposure.

Specific results, presented at the Third LDEF Post-Retrieval Symposium, are repeated below.
Metals are higly variable in their response to the LEO environment. Gold and Platinum are
nonreactive. Osmium forms a volatile oxide and is rapidly eroded under exposure to atomic
oxygen. Silver, which forms a nonprotective oxide, is rapidly eroded. Other metals (Al, Cu, Ga,
Ge, Ir, Mo, Ni, Ti, and Sn) show some level of reaction unless protected. Co:.tamination is a
major contributor to exposure effects on metal surfaces. Absorptance is significantly greater for
bare aluminum than for CAA aluminum. Emittance is significantly less for aluminum than for
CAA aluminum, The surface properties of both bare aluminum and CAA aluminum are little
changed by exposure to LEO environmental conditions. Magnesium in aluminum alloys is
preferentially oxidized rélative to aluminum. An oxide coating forms on exposure of copper to
atomic oxygen that impedes further oxidation. The oxide coating adversely affects the optical
properties of copper. Copper without surface protection may be used for extended periods of time
in aplications where thermal management and optical performance requirements are not critical.

The changes to the metals are essentially due to surface or near-surface effects. For materials
which form non-passivating oxides, the damage can be extensive over time.
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Appendix A

ESCA Spectra for selected bolts from a distribution of locations
on the LDEF.
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The nomenclature used to identify the location of the bolts investigated is bay (A-F), row(1-12)-
tray clamp number (1-8), bolt (a, b, or ¢), measurement number (1 or 2). For Earth or space end
clamps the designations are G or H respectively, followed by a location number (1-12) associated
with a row.
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Figure A-41
Figure A-42
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Figure A-46
Figure A-47

Figure A-48

Survey ESCA spectrum for stainless steel bolt F6, 6¢c-1.
Survey ESCA spectrum for stainless steel bolt F6, 6¢-2.
Survey ESCA spectrum for stainless steel bolt W,Sa-l.

Survey ESCA spectrum for stainless steel bolt F7, 8a-2.
Survey ESCA spectrum for stainless steel bolt E8, 4b-1.
Survey ESCA spectrum for stainless steel bolt E8, 4b-2.
Survey ESCA spectrum for stainless steel bolt F9, 5a-1.
Survey ESCA spectrum for stainless steel bolt F9, 5a-2.

Survey ESCA spectrum for stainless steel bolt E10,4a-1.

Survey ESCA spectrum for stainless steel bolt E10, 4a-2.
Survey ESCA spectrum for stainless steel bolt E10, 1¢-1.
Survey ESCA spectrum for stainless steel bolt E10, 1¢-2.
Survey ESCA spectrum for stainless steel bolt A11, 8a-1.
Survey ESCA spectrum for stainless steel bolt A11, 8a-2.
Susvey ESCA spectrum for stainless steel bolt B11, 4c-1.
Survey ESCA spectrum for stainless steel bolt B11, 4c-2.

Survey ESCA spectrum for stainless steel bolt D11, 3b-1.
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Survey ESCA spectrum for stainless steel bolt D11, 3b-2,
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Survey ESCA spectrum for stainless steel bolt A12, 8c-2.
Survey ESCA spectrum for stainless steel bolt G6, 12b-1.

Survey ESCA spectrum for stainless steel bolt G6, 12b-2.

Survey ESCA spectrum for stainless steel bolt H6, Sc-1.
Survey ESCA spectrum for stainless steel bolt H6, Sc-2.

Survey ESCA spectrum for washer from stainless 62
steel bolt H6.

Survey ESCA spectrum for bottom tip of ground
control stainless steel bolt 2.

Survey ESCA spectrum for bottom tip of stainless
steel bolt C3, 8a.

Survey ESCA spectrum for bottom tip of stainless
steel bolt D2, 4c.

Survey ESCA spectrum for bottom tip of stainless
steel bolt E4, 7c.
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o, :Non Oct 84 06:51:48 M-Probe ESCA Console Usar [D: JESSE
. CMTRL1.1.MRS Fri Oct 81 67:56:38 1993 Operator: Josse Chorian
0t LDEF - Stainless Stoel Bolt
- Spot:  408x1800p Resclution: 4 Enorgy:
“r Scans: 20 of 29 Neutralizer: 0,1eV Counts:
Region: 1/ 1 fAperture: None
: 50008
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Surface Composition Table Summary
File name: CNTRL1_1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian
Date: Fri Oct 1 07:56 1993
Element  Binding Epergy  atom %
Na (1s) 1071.4 4.19
2n (2p3) 1022.1 0.66
0 (1s) 531,7 12.05
N (1s) 399.1 0.82
C (1s) 284.6 80.78
8i (2p) 104.0 1.51
Figure A-1  Survey ESCA spectrum for stainless steel bolt, ground control 1,
T .
location 1.
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"Mon Oct 84 86:53:01 M-Probo ESCA Console Usor ID: JESSE

CNTRLL.2. MRS Fri Oct 01 11:32:31 1993 Operator: Jesse Chorian
LDEF - Stainless Steel Bolt
Spot:  400x1080y Resolution: 4 Enorgy:
Scans: 20 of 20 Noutralizer: ©.10V Counts:
Region: 1/ 1 Rperture: None
-156880
1 .
-t
= -
12

i
Na(iwm)
In(2p3)
0¢ Auger)
O(1lm)
Naf( Auger)

Surface Composition Table Summary

File name: CNTRL1_2.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Date: Fri oct 1 11:32 1993
ement n .

Na (1s) 1071.2 4.35
Zn (2p3) 1021.8 0.87
0 {(1ls) 531.6 12,17
C (1s) 284.6 81.10
8i (2p) 104.1 1.50

Figure A-2  Survey ESCA spectrum for stainless steel bolt, ground control 1,
location 2,

o
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:non Oct 04 96:51:10 M-Probn ESCA Console User ID: JESSE
CNTRL2.1.MRS Fri Oct 01 13:20:58 1993 Oporator: Josse Chorian
LDEF - Stainloss Stocl Bolt
Spot:  489x18080y Resolution: 4 Energy:

Scans: 20 of 20 Neutralizor: 2.8eV Counts:

Region: 1/ 1 Aporture: None
—58000
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1108 888 660 440 220 ]

Surface Composition Table Summary

File name: CNTRL2_1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Date: Fri Oct 1 13:20 1993

Na (1s) 1071.3 4.37 '
o (1s) 531.8 11.91 .
¢ (1s) 284.6 81.22 ‘
si (2p) 103.4 2.50 |

Figure A-3  Survey ESCA spectrum for stainless steel bolt, ground control 2,
location 1.
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. Mon Oct 84 86:50: 81

M-Probe ESCA Consoln

User ID: JEGSE
CHIRL2. 2. MRS Sat Oct @2 €G:26:35 1993 Operator: Josse Chorlan
LDEF - Stainless Steol Bolt
Spot:  408x1000y Resolution; 4 Energy:
Scans: 20 of 20 Neutralizer: 2. .@ey Counts:
Region: 1/ 1 Aperture: None
-~
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-
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Surface Composition Table Summary
File name: CNTRL2_2.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian
Date: 8at Oct 2 06:26 1993
Na (1s) 1071.3 6.33
F (1s) 683.4 1.03
C (1s) 531.5 12.30
¢ (1s) 284.6 78.83
8i (2p) 103.6 1.46
Figure A-4

Survey ESCA spectrum for stainless steel bolt, ground control 2,
location 2.




:?hu Rug 12 89:06:52 M-Probe ESCA Console User ID: JESSE

B812B_1.MRS Hed Aug 11 @9:44:15 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  408x10009y Resolution: 4 Energy:
Scans: 29 of 20 Neutralizer: @.1ey Counts:
Region: 1/ 1 Aperture: None
11108808
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1100 888 _ 668 449 228 e

Surface Composition Table Summary

File name: BO12B_1.MRS
1

. Region:
: Description: LDEF - Stainless Steel Bolt
e Operator: Jesse Cherian
" Date: Wed Aug 11 09:44 1993
. nt e,
K Na (1s) 1071.3 12.85
b Ni (2p3) 857.5 0.37
" Zo (2p3) 736.3 0.68
Fe (2p3) 712.% 1.43
. F  (1s) 685.3 ¢.76
b Cr (2p} 578.C .27
T O (1ls) 8§32, 5¢.80
- va {2p) 348.3 0.45%
1 T {1s) 284.¢ 11,02
"y 8i {2p} 1c2.¢ 17.36

Figure A-5  Survey ESCA spectrum for stainless steel bolt B1, 2b-1.
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"Thu Rug 12 89:12:58 M-Probe ESCA Console User (D: JESSE

B8128.2. MRS Hed Aug 11 11:14:83 1993 Operator: Jesse Cherian
LDEF - Stainless Stesl Bolt
Spot:  480x1080y Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: ©.1eV Counts:
Region: v 1 fiperture: None
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8urface Composition Table Summary

File name: BO12B_2.MRS
1

Region:
. Description: LDEF - Stainiess Steel Bolt
- Operator: Jesse Cherian
o Date: ‘led Aug 11 11:14 1993
Element  Binding Energy  atom %
{ Na (1s) 1071.1 11.44
. Fe (2p3) 712.9 2.00
" F (1s) 685.0 0.94
- Cr (2p3) 579.0 0.34
: O (1s) 532.4 54.04
o Ca (2p) 348.2 0.52
-y K (2p3) 293.5 0.60
c (1s) 284.6 12.61
81 (2p) 203.0 17.51

Figure A-6  Survey ESCA spectrum for stainless steel bolt B1, 2b-2.
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Mon Oct 84 11:48:24 M-Probe ESCA Console User ID: JESSE

DO24C_01 . MRS Sat Oct 82 12:04:15 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt

Spot:  490x1000p Resolution: 4 Energy:

Scans: 28 of 20 Neutralizer: 0.1eV Counts:

Region: 1/ 1 fiperture: Hone

O Auger)
O( Auger)
0(1sm)

si(2p)

$oidp

Na( Auger)

Surface Composition Table Summary

File name: D024C_0l1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Sat Oct 2 12304 1993
Element = Binding Energy _ atom %
Na (18) 1070.9 6.89
Fe (2p3) 713.6 2.10
F ris) 683.3 2.05
Cr (2p3) 579.0 0.77
o (1s) 533.3 46.29
c (1s) 284.6 27.33
cl (2p) 187.9 0.62
si (2p) 104.0 13.96

Figure A-7  Survey ESCA spectrum for stainless steel bolt D2, 4¢-1.
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Mon Oct B4 12:04:52 M-Probe ESCR Console User ID: JESSE
D824C_82. MRS Sat Oct 02 13:98:55 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot: 488x1688Y Resolution: 4 Energy:
Scans: 20 of 28 Neutralizer: 8.1eV Counts:
Region: 1/ 1 fiperture: None
-1See8e
4 _ R
- Y
-~ -
1 o= 3
42 22
: <
4 &

Na( Auger)

Figure

Surface Composition Table Summary

File name: D024C_02.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Sat Oct 2 13:08 1993
Elegent PBinding Energy atom &
Na (1s) 1071.0 6.59
Fe (2p3) 713.4 0.84

F (1s) 683.9 2.16
Cr (2p3) 578.9 0.70

O (1s) 533.0 46.97

C (1s) 284.6 26.62
8i (2p) 103.6 16.12

A-8  Survey ESCA spectrum for stainless steel bolt D2, 4¢c-2.
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Mon Sep 13 11:14:85
F@22C.91

MRS

Fri Sep 10 13:51:17 1992

m-Probe ESCA Comscle user ID: JESSE
Operator: Jesse Cherian

LDEF - Stainless Steel Bolt

Spot:  400x1880p Resolution: L Energy: S21.49 oV
Scanz: 208 of 28 ficutralizer: ©.1eV Counts: 8881
Rcgion: 1/ 3 fpcrture: Mone
1806866 '
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Figure A-9

g
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Surface Composition Table Summary

File name: FO22C_0Oi1.MRS
Region: 1
Description: LDEF - Stainless 8Steel Bolt

Cperator: Jesse Cherian
Late: Fri Sep 1C 13351 1993

Na {1s) 1871.0 14.63
Fe {2p3} 712.€ 1.09
F {is) 584.2 1.13
cr {2p3) 577.8 9.63
S (1is) 32.8 46.62
ce {2p) 34C.7 .22
X {(2p1) 294,32 .94
o {is) 284.6 19.63
o1 {28} 199.1 .59
81 {2p) 103.3 14.52

Survey ESCA spectrum for stainless steel bolt F2, 2¢-1.
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:Non Sep 13 06:18:12 M-Probe ESCA Console User ID: JESSE

FO22C_82. MRS Fri Sep 10 14:55:57 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  408x1008p Resolution: 4 Energy:
Scans: 20 of 20 Heutralizer: ©.1eV Counts:
Region: 1/ 1 Aperture: None
168068
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Surface Composition Table Summary
File name: F022C_02.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt *
Operator: Jesse Cherian
Date: Fri Sep 10 14:55 1993
Element  RBinding Energy  atop %
Na (1s) 1071.1 8.02
Fe (2p3) 712.4 0.99
F (1s) 684.3 0.7
Cr (2p3) $77.8 0.48 '
O (1s) 532.5 49.69 i
c (1s) 284.6 21.92 |
cl {2p) 198.7 0.61
si (2p) 103.0 17.50

Figure A-10  Survey ESCA spectrum for stainless steel bolt F2, 2¢-2.
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Thu Sep 16 11:11:28 M-Probe ESCA Console User ID: JESSE
F@28B_81.MRS Mon Sep 13 10:44:43 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  4108x1008) Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: @.1eV Counts:
Region: 1/ 1 fiperture: None
75888 :
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Surface Composition Table Summatry

File name: F028B_01.MRS

Region: 1

Description: LDEF -~ Stainless Steel Bolt
Operator: Jesse Cherian

Date: Mon Sep 13 10:44 1993
Elepent _ Rinding Energy  atom %
Na (1s) 1071.2 8.06
Fe (2p3) 713.9 1.43

F (1s) 687.3 1.50
Cr (2p3 579.5 0.48

C {1is) 533.8 46.90

N {1s; 399.¢ 0.71
Ca (2p) 349.2 0.33

K (2p3;} 292.86 C.7C

¢ (1s) 284.6 24.54
Cl (2p) 198.9 c.92
gL {28 104.2 14.42

Figure A-11  Survey ESCA spectrum for stainless steel bolt F2, 8b-1
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:Fri Sep 10 10:82:23 M-Probe ESCA Console User 1ID: JESSE

- FO28B.82. MRS Fri Sep 18 ©9:28:58 1993 Operator: Jesse Cherjan
o LDEF - Stainless Steel! Bolt
o Spot:  400x1000y Resolution: 4 Energy:
IS Scans: 20 of 20 NHeutralizer: ©.1eV Counts:
T Region: 1/ 1 fiperture: Hone
2 160888
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Surface Composition Table Summary

File name: F028B_02.MRS
1

Region:

Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian

Date: Fri Sep 10 09:28 1993
Element  Binding Energy atom $
Na (1s) 1070.0 8.76
Pe (2p3) 712.2 1.583

F (1s) 685.4 1.59
Cr (2p3) $77.8 0.60

C (1s) 532.0 47.54
ca (2p) 348.0 0.37

Y {3p3} 394.7 0.36

X (2p) 294.0 0.21

¢ (1ls) 284.6 21.94
Cl (2p) 197.0 0.70
8i (2p) 102.7 16.40

Figure A-12  Survey ESCA spectrum for stainless steel bolt F2, 8b-2,
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Mon Oct 64 10:47:46 M-Probe ESCA Console User ID: JESSE

CB38n_01 . MRS Sat Oct 02 09:54:83 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  400x1000p Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: ©.1eVy Counts:
Region: v 1 Aperture: Hone
§
1 -~
-~ ok
o - o :
4« 2u S
T 2 -~
1% S
3 .
- g : -
T : Q o? Sy
5 - - b
T = n oo
4 ® w3 -
(-

S8urface Composition Table Summary

File name: CO38A_01.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Sat Oct 2 09:54 1993
Rlepent = Binding Bnergy  atop §
Na (1s) 1069.8 6.23
Fe (2p3) 712.4 0.73
F (1s) 681.8 1.54
Cr (2p) 577.9 0.17
0 (1s) 532.4 37.37
c (1s) 284.6 44.42
8i (2p) 102.9 9.54

Figure A-13  Survey ESCA spectrum for stainless steel bolt C3, 8a-1.
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Mon Oct 04 10:52:86 M-Probe ESCA Console User ID: JESSE
CA38R.82. MRS Sat Oct 02 10:59:34 1993 Operator: Josse Chorian
LDEF - Stainless Steel Bolt
Spot:  408x1880p Resolution: 4 Energy: 701.07 oV
Scans: 20 of 20 Neutralizer: 0,16V Counts: 5654
Region: 1/ 1 fAperture: None
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Surface Composition Table Summary

File name: C038A_02.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Date: Sat Oct 2 10:59 1993

E
;

Na (1s) 1071.2 6.67
F (1s) 687.6 1.31 ;
o (1s) 531.9 29.74 '
N (1s) 398.6 0.63 ;
c (1s) 284.6 55,25
c1 (2p) 197.5 0.22
s (2p) 169.4 0.54
si (2p) 102.2 5.65

Figure A-14  Survey ESCA spectrum for stainless steel bolt C3, 8a-2.
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"Hed Aug 11 88:57:06 M-Probe ESCA Console User ID: JESSE
C38B.1.MRS Tue Aug 1@ 13:35:12 1993 Operator: Jesse Cherian
LDEF - Stainless Steecl Bolt
Spot:  408x1800p Resolution: 4 Energy:

Scans: 28 of 20 Neutralizer: ©.1eV Counts:
Region: 1/ 1 Aperture: Hone

60008 = —
] ~e -

-1 - .. o

. w

94 - ’<

-

- & "6
z o o~ -
. P to
N L
- —-— -
4 -4
4 [ <
-
- 3
z

1 ! ] v i v 1 M 1

Surface Composition Table Summary

File name: C38B_1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Tue Aug 10 13:35 1993
Elepent _ Binding Energy  atop %
Na (1s) 1071.7 5.75
Fe (2p3) 712.2 1.09
F (18) 684.6 0.65
Cr (2p3) 876.9 0.80
0 (1s) 532.1 45,89
N (1s) 399.2 0.93
8i (2p) 102.5 11.56
K (2p) 293.8 c.93
¢ {1s) 285.0 32.41

Figure A-15  Survey ESCA spectrum for stainless steel bolt C3, 8b-1.
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:Ibd Aug 11 09:23:47 M-Probe ESCA Console User 1D: JESSE

C38B.2.MRS Tue Aug 10 14:41:23 1993 Operatos: Josse Cherian
LDEF - Stainless Steel Bolt
Spot:  490x1008p Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: ©.1eV Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: C38B_2.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Date: Tue Aug 10 14:41 1993

E

Na (1s) 1071.8 5.28
cu (2p3) 933.0 0.62
Fe (2p3) 711.7 1.25
F (18) 685.2 0.54
cr (2p) 577.0 0.57
o (18) 532.3 46.37
K (2p) 293.3 0.26
c (1s} 284.6 33.04
si (2p) 102.6 12,06

Figure A-16  Survey ESCA spectrum for stainless steel bolt C3, 8b-2.
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The Aug 12 16:21:17 M-Proboc ESCA Consolo User ID: JESSE

E3SB.1 . MRS Thu Aug 12 16:11:14 1993 Operator: Jesse Chorian
LDEF - Stainless Steel Bolt
Spot:  400x10890p Resolution: 4 Energy:
Scans: 20 of 28 Neutralizer: 0.1eV Counts:
Region: 1 1 Aperture: Hone
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Surface Composition Table Summary

File name: E35B_1.MRS

Region: 1

Description: LDEF ~ Stainless Steel Bolt
Operator: Jesse Cherian

Date: Thu Aug 12 i6:11 1993
Element _ Binding Energy atom §
Na (1s) 1070.0 7.89
Fe (2p3) 712.8 1.48
Cr (2p3) 577.6 0.73

0O (1s) 532.3 45.89

N (1s) 399.5 0.73

¢ (1s) 284.6 29.26
Cl (2p) 197.7 0.34
8i (2p) 102.6 13.67

Figure A-17  Survey ESCA spectrum for stainless steel bolt E3, 5b-1.
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:Tuo Rug 17 14:083:26

E358.2. RS

Tue Aug 17 89:34:29 1993

M-Probo ESCA Console Usor 1D: JESSE
Operator: Jesse Chorian

LDEF - 3tainless Steel Bolt

Spot:  409x1800y Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: @, 10V Counts:
Region: 1/ 1 Aperture: Hone
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Surface Composition Table Summary
File name: E35B_2.MRs
Region: 1
Lescription: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian
Date: Tue Aug 17 09:34 1993
Elepent  Binding Energy atom 8
Na (1s) 1069.7 7.68
Fe (2p3) 712.0 1.50
cr (2p3) 577.6 2.63
C (1s)} 531.9 42.9%
N (1s) 399.3 0.93
¢ (1s) 284.6 33.61
cl (2p) 197.4 0.80
8i (2p} 102.4 11.90
Figure A-18  Survey ESCA spectrum for stainless steel bolt E3, 5b-2,
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1
: :‘lue fug 18 08:32:5% M-Probe ESCA Console User ID: JESSE
“ D942B.1 . MRS Tue Aug 10 67:408:04 1993 Operator: Jesse Cherian
. LDEF - Steinless Steel Bolt
3 Spot:  400x1088y Resolution: 4 Energy:
v Scans: 20 of 20 Neutralizer: 6.ieV Counts:
. Region: 1/ 1 Aperture: Hone
68888
s':.. < -~
£ .
17 -~ z
L o
K 1 :. e
3 i
24 . ’
5 Z < ™ -
ot -
N 1 o° E :
iF - : -
< © - wa
xh 1 ~ & N o a
H 3 L] N - )
= 4 z - - = o SNpw
i 4 ®
¥
: T T 1 T T T T T T
1100 880 6608 440 228 @
Surface Composition Table Summary
" File name: D042B_1.MRS
Region: 1
s Description: LDEF - Stainless Steel Bolt
“ Operator: Jesse Cherian
Date: Tue Aug 10 07:40 1993
| Element  Binding Energy _ atom % ‘
f Na (1s) 1071.1 8.46 ;
F (18) 684 3 0.59 )
s cr {2p3} 577.7 0.37
. o (1s) 531.8 38.80
N (1s) 400.5 0.92
. ¢ (18) 284.6 40.96
c1 (2p) 198.3 0.36
si {(2p) 102.2 9.54
<
K Figure A-19  Survey ESCA spectrum for stainless steel bolt D4, 2b-1.
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"Hed fug 11 ©9:13:52

M-Probe ESCR Console

User ID: JESSE

MRS Tue Aug 10 88:48:53 1993 Oporator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot: 408 000y Resolution: 4 Energy:
Scans: 20 of 20 Meutralizer: ©.1eV Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: DO42B_2.MRS

Region: 1

Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian

Date: Tue Aug 10 08:48 1993

Elspent _ Binding Energy  atop §

Na (1s) 1071.3 8.56
2n (2p3) 1021.6 1.36
Cr (203) 577.5 0.42
0 (1s) 531.8 37.62
N (1s) 398.1 1.03
c (1s) 284.6 41.72
cl (2p) 197.8 0.44
si (2p) 102.2 8.85

Figure A-20  Survey ESCA spectrum for stainless steel bolt D4, 2b-2.
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:Hon Oct 04 87:04:40 M-Prohe ESCA Console User ID: JESSE
EB47C_91.MRS Sat Oct 82 07:45:31 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  490x1889p Resolution: 4 Energy:

Scans: 28 of 28 Neutralizer: ©.1eV Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: EO047C_0O1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Sat Oct 2 07:45 1993
Element _ Binding Energy  atom %
Na (1s) 1071.2 6.37
Fe (2p3) 713.7 0.47
F (1s) 685,2 1.61
0 (1s) 531.9 30.09
N (1s) 399.0 0.90
K (2s) 376.1 1.05
C (1ls) 284.6 53.565
si (2p) 102.6 5.96

Figure A-21  Survey ESCA spectrum for stainless steel bolt E4, 7¢-1.
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Mon Oct 84 10:45:31 M-Prohe ESCA Console User ID: JESSE
EB47C_02. MRS Sat Oct 62 88:50:12 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  488x1098p Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: 8.1eV Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: E047C_02.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Da’ ' Sat Oct 2 08:50 1993

Element  Binding Energy  atom %

Na (1s) 1069.9 5.67
Fe (2p3) 712.9 0.50
F (1s) 686.5 1.83
0o (1s) 6531.9 29.16
N (1s) 398.4 0.93
K (28) 374.6 1.04
C (1s) 284.6 54.65
Cl (2p) 197.7 0.32
8i (2p) 102.5 6.22

Figure A-22  Survey ESCA spectrum for stainless steel bolt E4, 7¢c-2.
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K Thu Aug 12 14:82:38 M-Probe ESCA Console User ID: JESSE
- CS4B.1.MRS Thu Aug 12 13:83:19 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
vl Spot: 408x1082p Resclution: 4 Energy:
. Scans: 20 of 20 Neutralizer: ©.1eV Counts:
N Region: 1/ 1 fAperture: None
o -500080
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Surface Composition Table Summary

i File name: C54B_1.MRS
- Region: 1
i Description: LDEF - Stainless Steel Bolt
Ty Operator: Jesse Cherian
N Date: Thu Aug 12 13:53 1993
E
i Element  Binding Rnergy  atom %
Tl Na (1s) 1070.1 10.02
S Cu (2p3) 932.6 0.99
¥ Fe (2p3) 711.9 1.22
g F (1s) 685.5 2,79
e Cr (2p3) 577.4 0.25
vid o (1s) 531.8 37.14
v N (is) 398.3 0.99
- % ¢ (1s) 284.6 36.74
i c1 (2p) 198.6 0.48
% si {(2p) 102.4 8.55
i K (2p) 293.2 0.83
igure A-23  Survey ESCA spectrum for stainless steel bolt CS, 4b-1.
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| Thu Aug 12 15:16:66 M-Probe ESCA Console Usor ID: JESSE
C54B_2

. Thu fug 12 15:02:16 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  4009x1008y Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: @.1eV Counts:
Region: 17 1 Aperture: None
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Surface Composition Table Summary

File name: C54B_2.MRS
1

Region:
Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian

Date: Thu Aug 12 15:02 1993
Na (1s) 1069.7 9.26
Fe (2p3) 712.3 1.20
F (1s) 685.5 2 88
Cr (2p3) 577.4 0.51
O (1s) 831.7 41.80
N (1s) 398.7 0.93
K (2n) 293.2 0.19
C (1s) 284.6 28.26
Cl (2p} 197.0 0.91
8i (2p) 102.3 14.07

Figure A-24 Survey ESCA Spectrum for stainless steel bolt CS, 4b-2,
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. Fri Sep 10 11:45:02 M-Probe ESCA Console User ID: JESSE

a DBS8C.01 . MRS Fri Sep 10 11:40:10 1993 Operator: Jesse Cherian
- LDEF - Stainless Steel Bolt
: Spot:  488x1000p Resolution: 4 Energy:
kS Scans: 20 of 20 Heutralizer: @.1eV Counts:
i Region: i/ 1 Aperture: Hone
; 75088
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o Surface Composition Table Summary

File name: D0S8C_01.MRS

: Region: 1
. Description: LDEF ~- Stainless Steel Bolt )
& Operator: Jesse Cherian
i Date: Fri Sep 10 11:40 1993
Y Element  Binding Energy atom g
o, Na (1s) 21069.5 9,07
o Fe (2p3) 712.2 1.61
£ F (1s) 686.7 1.39
= Cr {2p3) 577.2 0.57
: O {1s) 531.8 38.38 ‘
N (1s) 399.2 1,10 |
C (1ls) 284.6 35.35
Cl (2p) 197.9 C.44
si (2p) 102.3 11,21
K (2p} 294.5 c.e8

! Figure A-25  Survey ESCA spectrum for stainless steel bolt D5, 8c-1.
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Mon Sep 13 06:09:25 M-Prohe ESCA Console User ID: JESSE

DISBC-_02. MRS Fri Sep 10 12:46:34 1993 Operator: Jesse Cherian

LDEF - Stainless Steel Bolt

Spot:  480x1000p Resolution: 4 Energy:

Scans: 20 of 20 Heutralizer: 0.1eV Counts:

Region: 1/ 3 fAperture: Hone
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Surface Composition Table Summary

File name: DO58C_02.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Fri Sep 10 12:46 1993

Element Binding Energy  atom %

Na (1s) 1070.0 9.84 ‘
Fe (2p3) 712.5 1.29 N
F {1s) 686.8 1.45

Cr (2p3) 577.5 0.48

c (18) 532.0 40.01

N (1s) 400.5 0.68 i
c {1s) 284.6 35.35 l
Cl {2p) 197.9 0.32 .
i {2p) 102.5 10.58

i Figure A-26  Survey ESCA spectrum for stainless steel bolt D5, 8¢-2.
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Mon Sep 13 66:53:30

M-Probe ESCA Consolo Usor ID: JESSE

BOG3B.91. MRS Fri Sep 16 10:99:89 1993 Operator: Jesso Cherian
LDEF - Stainless Stoel Bolt
Spot:  400x1008y Resolution: 4 Energy:
Scans: 20 of 28 Heutralizer: @.1eV Counts:
Region: 1/ 1 Aperture: Hone
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Surface Composition Table Summary
File name: BO63B_01.MKS
Region: 1
Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian
Date: Fri Sep 10 18:09 1993
Elepent _ Binding Energy  atom %
Na (1s) 1071.2 10,90
Fe (2p3) 713.2 1.22
F (18) 684.6 2,02
Cr (2p3) 578.3 0.40
0 (1s) 532.8 36.02
N (1s) 401.1 0.98
C (1s) 284.6 39.42
Cl (2p) 198.1 C.41
S (2p) 170.0 .73
8i (2p) 103.5 7.90
Figure A-27  Survey ESCA spectrum for stainless steel bolt B6, 3b-1.
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Mon Sep 13 14:04:20 H-Probo ESCA Console User ID: JESSE

P963B..82. MRS Mon Sep 13 13:122:84 1993 Opesrator: Jesse Cheurian
LDEF - Stainless Steel Bolt
Spot:  408x1000y Resolution: 4 Energy:
Scans: 28 of 20 Bsutralizer: 9.%1oV Counts:
Region: 1/ 1 Aporture: None
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Surface Composition Table Summary

File name: BO63B_02.MRS

Region: 1

Description: LDEF - 8tainless Steel Bolt
Operator: Jesse Cherian

Date: Mon Sep 13 13:22 1983

E

Na (1s) 1071, 8.5%
Zn {2p3) 1021.9 .66
Pe (2p3) 713.0 c.58
F (i8) 687.6 1.70
cr (2p3) £79.C .32
0o (1s) $33.3 30.67
C {1is) 284.6 48.2%
cl {2p) 198.3 0.93
si (2p) 104.0C €.36

Figure A-28 Survey ESCA spectrum for stainless steel bolt B6, 3b-2,

A-33
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Mon Sop 13 12:07:39 M-Probs ESCA Console Uscr ID: JESSF

B6CBB_ 81 . MRS Fri Sop 10 29:19:28 1993 Operator: Joase Cherfan
LBEF - Stainless Stool Bolt
Spot:  10€x1008) Hosolution: L] Enorgy: 968.73 oU
Scana: 29 of 20 ficutralizer: ©,1cy Counts: 37510
Region: 1/ fiporturs: fonc
-108888
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Surface Composition Table Summary

ile name: BOGEB_C1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Jesse Cherian
Fri Sep 10 20:19 1993

Cperator:
Date:

E

Figure A-29  Survey ESCA spectrum for stainless steel bolt B6, 8b-1,

A-34

Na {1s) 1871, .72
Fe {2p3} 713.7 1.82
Fo{is} 685.8 1.3¢
or {2p3) $78.7 .53
2 (1s) £32.8 42.99 !
ca {2p) 349.2 .57 i
K (2p1} 295.5 .29 }
e (1s) 284.6 25.37
3 {2s} 234, .78
o1 {28} 198.7 .22
s (o) 168.7 0.47
8¢ {2p) 183.¢8 13.82
Al (25} 7.6 2.04




Mon Sop 13 @9 37:19 M-Frone EOSLA Gonsole user 1N JEGGE

PAcEH_02. MRS Mon Gep 19 @0 3217 1993 Opsrator: Jesse Gherian
LOEF - Stainless Steel Balt
Gpat: 198 x1 80P Rezalutiont 1 Lnergy:
Scans: £ of & Heutralizer: .3V Counts:
Kogion: 1/ 1 fiperturc: Hona
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Surface Composition Table Summary

File nanme: BCGSB_02.M5
]

Region:

Description: LDEF - 3tainless 8teel Bolt
Cperator: Jesse Cherian

sate: Mon Sep 13 £3:32 1993

E

Na (1s) 1068.8 16,12
Fe {2p3} 711.8 1.97
Fo{1s) 684.5 1.04
cr {23} 577.4 5.5
S (1is) 538.7 40,31
K (2p) 293.3 c.18
o {is) 284.0 28,28
c1 {2p) 186.0 9.57
3% {25} 101.9 14,01

1

i

’!

Y ¢
!Z;;
otz

Figure A-30 Survey ESCA spectrum for stainless steel bolt B6, 8b-2.

A-25




Mon Sep 13 P8:26:29

M-Probe EGCA Conmnle

User 1D; JESSR

e BRGOR.83, MRS Mon Gep 13 88:88:16 1993 Oparator: Jesse Cherian
e LOEF - Washer From Bolt B86G-6B
" Spot:  408x1008p Rasolution: 4 Energy:
: Scans: 20 of 20 Heutralizer: ©.1eV Counts:
: Region: /1 Aperture! Hone
“ 75880
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o Surface Composition Table Sumsary
|
2’ File name: BO68B_03.MRS
. Region: 1
o Description: LDEF - Washer From Bolt B06-8B
¥ Operator: Jesse Cherian
i Date: Mon Sep 1. 08:00 1993
. Elepent pBinding Energy  atom $
5
S Na (1s) 1071.3 5.20
Fe (2p3) 712.3 0.51
t F (18) 684.9 1.11
X 0 (ls) 531.4 44.38
S ¢ {1s) 284.6 35,01
g Mo (3d) 232.4 0.13
8 (2p) 168.8 1.08
3 8i (2p) 102.0 2.22
u Al (2p) 74.8 10.36
t

ot Figure A-31  Survey ESCA spectrum for washer from stainless steel bolt B6, 8b-3.
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Thy fug 19 14:48;:22 M-Probe ESCA Gonsole Usor ID: JESSE
F66C .1 . MRS Tue Aug 17 10:41:41 1993 Operator: Jesse Cherian
LDEF - Gtainless Steel Bolt
Spot:  400x1000) Resolution: 14 Energy:
Scans: 20 of 20 Noutralizer: 0.1eV Counts:
Region: 1/ 1 fApsrtuie: None
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Figure A-32  Survey ESCA spectrum for stainless steel bolt F6, 6¢-1.
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Figure A-32 (Continued)

Surf. » Composition Table Summary

File name: F66C_1.MRS
1

Region:

Descripticn: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian

Date: Tue Aug 17 10:41 1993
Elepent  Binding Energy  atom %
Na (1s) 1071.2 9.00
Ni (2p3) 858.1 0.53
Co (2p1) 790.2 1.43
Fe (2p3) 713.4 1.81

F (1s) 684.1 1.30
Cr (2p) 578.6 0.30
O (1s) 532.8 44.64

K (28) 378.5 0.77
ca (2p) 349.9 0.60
K (2pl) 295.1 0.89
C (1s) 284.6 22.05
Cl (2p) 198.3 0.49

P (2p) 140.5 1.14
8i (2p) 103.7 14.32
Mo (3d3) 234.0 0.73

Survey ESCA spectrum for stainless steel bolt F6, 6¢-1.

o g



- :Hed Aug 25 09:44:22 M-Probe ESCA Console User 1D: JESSE
F66C_2. MRS Tue Aug 37 11:57:40 1993 Operator: Jesse Cherian
kN LDEF - Stainless Steel Bolt
y Spot: 480x1080) Resolution: 4 Energy:
N Scans: 20 of 20 Meutraljzer: @.ieV Counts:
" Region: 1/ 1 Aperture: Hone
o -1 80008:
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=? Surface Composition Table Summary
e File name: F66C_2.MRS
S Region: 1
B Description: LDEF - Stainless Steel Bolt
& Operator: Jesse Cherian
o Date: Tue Aug 17 11:57 1993
Ny Element  Binding Energy  atom %
A Na (1s) 1071.1 9.65
e Fe (2p3) 713.2 1.49
i} F (1s) 683.8 1.2C
E cr {2p3) 579.4 0.36
. c {is) §32.7 47.73
: ca {2p) 348.2 $.32
N K (2pl) 295.1 0.70
it T {1s) 284, 25.07
: ue 3d3) 237, L+
o o1otep) 198.¢ C.87
& St o12p) 103,07 10,41
w
Figure A-33  Sutvey ESCA spectrum for stainless steel bolt F6, 6¢-2.
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Thu Aug 12 12:49:34 M-Probe ESCA Console User ID: JESSE

F?8R_1.MRS Thu Aug 12 19:03:19 1993 Operator: Jessze Cherian
LDEF - Stainless Steel Bolt
Spot:  488x1000p Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: 0.1eV Counts:
Region: 1/ 1 fAiperture: None
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Surface Composition Table Summary
File name: F78A_1.MRS
Region:
Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian
Date: Thu Aug 12 10:03 1993
Rlement = Binding Enerqgy atom %
Na (18) 1069.8 5.10
Ni (2p3) 856.1 2.39
Fe (2p3) 712.0 2.07
Cr (2p3) 578.5 0.41
0 (1s) 531.7 55.92
Ca (2p) 347.4 .40
c (1s8) 284.6 16.15
si (2p) 102.3 17.56

Figure A-34  Survey ESCA spectrum for stainless steel bolt F7,8a-1.
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Thu Aug 12 12:51:58 M-Probe ESCA Console User ID: JESSE
Feon_2, Thu Aug 12 11:09:15 1993 Operator: I .se Cherian
LDEF - Stainless Steel Bolt
Spot:  4P8x16808p Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: @.1ey Counts:
Region: 1/ 1 Aperture: Hone
-~ ]
o ~ -t
L3 ] -
-4 '; -3
»
| = 22
g -1 A.M
45 3 -
z ¥ 2 WA
- < o
) sz "‘:
_ . e & . -~ -
B, « - -~ & g
; Tl o3 dag
e |z s @ - T,
- [ al -4 4 ® o
z ¥ s - N
4 #* 3
T T T T T Y T T T
1100 889 660 440 228 @

Surface Composition Table Summary

File name:
Region:

Description: LDEF - Stai

Operator:
Date:

Na (1s)
Ni (2p3)
Fe (2p3)
Cr (2p)
O (1s)
N (1s)
Ca (2p)
C (18)
81 (2p)

Figure A-35 Survey ESCA Spectrum for stainless steel bolt F7, 8a-2.
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:Hed Aug 11 11:30:37 M-Probe ESCA Console
EB4B.1.MRS Tue Aug 10 20:@4:46 1993
LDEF - Stainless Steel Bolt

User ID- JESSE

Operator: Jesse Cherian

Spot:  488x1000) Resolution: 4 Energy:
Scans: 28 of 20 Heutralizer: @.1eV Counts:
Region: 1/ 1 fperture: Hone
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Surface Composition Table Summary

File name: ES84B_1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Tue Aug 10 20:04 1993

Na (1s) 1071.0 10.83
Ni (2p3) 857.1 0.92
Fe (2p3) 712.8 1.61
F (1s) 686.5 0.5%
Cr (2p) 578.4 .24
0O (1s} §33.0 49.47
Ca (2p) 342.6 0.46
T {1s) 284.€ 18.5¢
Si (2p) 103.96 17.42
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_Hed fug 11 11:34:58

M-Probe ESCA Console

User ID: JESSE

EB4B.2. MRS Tue Aug 10 21:09:26 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  408x1088)y Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: 0.1eV Counts:
Region: 1/ 1 fiperture: None
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Surface Composition Table Summary

File name: E84B_2.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Tue Aug 10 21:09 1993
Element  Pinding Energy  atom %
Na (1s) 1069.2 13.57
Ni (2p3) 855.6 1.74
Fe (2p3) 711.7 2.65
cr (2p) 576.9 0.33
C {1s) 530.7 47.10
N (1s) 399.2 0.40
C {1s) 284.6 16.61
si {2p} 101.9 17.6C

Figure A-37  Survey ESCA spectrum for stainless steel bolt ES8, 4b-2,
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Tue Aug 18 19:34:15 M-Probe ESCA Console

F9SA.1.MRS

Tue Aug 10 19:17:06 1993

LDEF - Stainless Steel Bolt

User ID: JESSE
Operator: Jesse Cherian

Spot:  400x1880y Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: @.1eV Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary
File name: F95A_1.MRS
Region: 1
Description: LDEF -~ Stainless Steel Bolt
Operator: Jesse Cherian
Date: Tue Aug 10 10:17 1993
Element Binding Energy  atom %
Na (1s) 1071.6 6.91
Fe (2p3) 713.7 0.25
F (1s) 684.5 0.74
C (1s) 532.5 53.02
C (1s) 284.6 17.83
Cl (2p) 198.6 0.69
8i (2p) 102.9 20.55
Figure A-38  Survey ESCA spectrum for stainless steel bolt F9, Sa-1.
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:Tuo Aug 10 11:42:59 M-Probe ESCA Console User ID: JESSE
F95A_2.MRS Tue Aug 10 11.:35:22 1993 Operator: Jesae Cherian
LDEF - Stainless Steel Bolt
Spot:  400x1008p Resolution: 4 Energy:

Scans: 28 of 20 Neutralizer: @.1eV Counts:
Region: 1/ 1 fiperture: None
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Surface Composition Table Summary

File name: F95A_2.MRS
1

Region:

Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian

Date: Tue Aug 10 11:35 1993
Elepent  Binding Energy _atonp %
Na (1s) 1071.6 7.42

F (1s) 684.2 0.58

O (1s) §32.4 49.91

C (1s) 284.6 22.17
Cl (2p) 198.6 0.40
Si {2p) 102.8 19.52

Figure A-39  Survey ESCA spectrum for stainless steel bolt F9, 5a-2.
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"Mon Sop 13 86:21:40

E184A_81 . MRS Fri Sep 10 16:60:39 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  4068x1600) Resolution: Energy:
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M-Probe FSCA Console

Usor ID: JESSE

Na( 2»)

Figure A-40  Survey ESCA spectrum for stainless steel bolt E10,4a-1.

Surface Composition Table Summary

File name:

Region:

Description: LDFF ~ Stainless Steel Bolt

Operator: Jesse Cherian

Date: Fri Sep 10 16:00 1993
Element  RBinding Bnergy  atom %
Na {1s) 1071.4 7.01
Fe (2p3) 711.¢ 0.78
F (1s) 684.4 1.18
o (1s) 532.5 37.12
N {1s) 397.8 C.90
K (2p3) 293.3 0.74
< (is} 284.6 38.48
Cl (2p) 199.0 0.53
8i {2p) 103.0 13.26

E104A_01.MRS
1
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:Non Sop 13 B6:26:55 M-Prohe ESCA Consolo Usor ID: JESSE
E104A.02, MRS Fri Sep 10 17:85:18 1993 Oporator: Josse Cherian
LDEF - Stainloss Steel Bolt
Spot:  408x1080y Resolution: 4 Energy:

Scans: 20 of 20 Houtralizer: @.ieV Counts:
Region: 1/ 1 fiperture: Hone
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Surface Composition Table Summary

File name: E104A_02.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Date: Fri Sep 10 17:05 1993

Na (1s) 1071.3 6.52
Fe (2p3) 712.0 0.57
F (1s) 685.4 1.09
o {1s) 532.4 38.86
N (1s) 397.7 0.76
K (2p3) 293.7 0.65
c (1s) 284.6 34.92

1 {2p) 198.8 .50

i {2p) 102.9 14.47
Mg (2p) 7.6 1.65

Figure A-41  Survey ESCA spectrum for stainless steel bolt E10, 4a-2.
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' Thu fAug 12 B7:42:588 M-Probe ESCA Console User ID: JESSE

" E181C_1.MRS Hed Aug 11 80:23:27 1993 Oporator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  400x1080p Resolution: 4 Energy:
Scans: 20 of 29 Neutralizer: ©.icV Counts:
Region: /7 1 Aperture: None
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Surface Composition Table Summary

File name: E101C_1.MRS
Region: 1
Description: LDEF -~ Stainless Steel Bolt

Operator: Jesse Cherian

Date: Wed Aug 11 00:23 1993
Rlepent = Binding Energy  atom %
Na (1s) 1071.6 10.80
F (1s) 684.2 1.06
o (1s) 532.4 47.37

K (2p1) 296.4 0.76

¢ (1s) 284.6 21.90
8i (2p) 102.9 18.10

Figure A-42  Survey ESCA spectrum for stainless steel bolt 10, 1c-1.
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. Thu Aug 12 88:84:88
E101C.2. MRS
LDEF - Stainless Steel Bolt

Hed Aug 11 01:28:07 1993

M-Probe ESCA Console User 1D: JESSE

Oporator: Jesse Cherian

Spot:  400x1800y Resolution: 4 Energy:
Scans: 20 of 278 Noutralizer: 0.1eV Counts:
Region: Apsrturs: None
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Surface Composition Table Summary

File name: E101C_2.MRS
Regions 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Wed Aug 11 01:28 1993
Elepent _ Binding Epergy _ atom %
Na (1s) 1071.5% 9.51

F (18) 684.0 1.02

0 (1s) §32.5 47.05

K (2p3) 293.6 0.43

c (1s8) 284.6 23.10
Cl (2p) 198.3 0.70
8i (2p) 102.9 18.19

Figure A-43  Survey ESCA spectrum for stainless steel bolt E10, 1c-2.
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" Man Sep 13 0R: AR 42 M-Prohe FGEN Console User ID: JERGE

S AL10A_A1 . MRS Thu Gep 89 14:57:26 1993 Oparator: Jesasa Cherian
Wt LOEF - Gtainlens Steel Bolt
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Surface Composition Table Summary
File name: Al18A_0Ol.MRS
Region: 1
Description: LDEF ~ Stainless Steel Bolt
Operator: Jesse Cherian
Date: Thu Sep 9 14:57 1993
Blement _ Binding Epexgy  atom %
Na (1s) 1070.9 5.61
Ni (2p3) 856.1 1.01
Fe (2p3) 712.2 1.38
o F (1s) 684.3 1.07
< cr (2p) 578.1 0.92
o (1s) 531.9 55.74
N ca {2p) 347.9 0.40
: c (1s) 284.6 13.30
8i {2p) 102.5 20.41

Figure A-44  Survey ESCA spectrum for stainless steel bolt A11, 8a-1.
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Mon Sep 13 BR1A1 RS M-Proko FGLE Lonrale Usor TD; Jk. .1

A11810_02, MRS Thu Gop @9 106:34: 30 1993 Opnrator: Jesse Ghorian
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Surface Compositicn Table Summa.y

File name: A118A_02.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Date: Thu Sep 9 15:34 1993
t i ergy __.atom %

Na (1s) 1070.6 5.02

Ni {2p3) 856.9 0.90

Fe (2p3) T12.6 2.81 :
F {1s) 685.1 c.84 !
c {1is) §32.1 51.6¢€

Ca (2p) 307.2 0.63 ;
* {1s) 284.6 15.44 !
S. {2p) 102.96 22.70 ]

Figure A-45 Survey ESCA spectrum for stainle-- steel bolt Al11, 8a-2.
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Hed ARug 11 ©89:28:25 M-Probe ESCA Console User ID: JESSE
B114C_1 .N7S Tue Aug 10 15:46:84 1993 Operator: Jesse Cherian
LDEF - Stainless Stoel Bolt
Spot:  498x10080y Resolution: 4 Energy:
Scans: 28 of 20 Neutralizer: ©.1eV Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: B114C_1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Date: Tue Aug 10 15:46 1993

F

Na (1a) 1071.0 12.03
n (2p3) 1017.5 0.50
Ni (2p3) 857.5 0.82
Fe (2p3) 713.4 1.50
F (1s) 686.4 1.04
cr (2p) 579.1 0.33
0 (1s) 532,9 48.76
c (1s) 284.6 18.14
8i (2p) 103.5 16.88

Figure A-46  Survey ESCA spectrum for stainless steel bolt B11, 4¢-1
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Hed Aug 11 89:22:21 M-Probe ESCA Comsole User ID: JESSE

B114C_2. MRS Tue Aug 10 16:59:44 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  400x1000p Resolution: 4 Energy:
Scans: 28 of 20 Neutralizer: 8.1eV Counts:
Region: 1/ 1 fiperture: None
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Surface Composition Table Summary

File name: B114C_2.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Tue Aug 10 16:50 1993
Rlement Binding Energy atom %
Na (1s) 1071.0 9.62
Ni (2p3) 857.3 0.78
Fe (2p3) 712.6 1.14
F (1s) 686.4 0.94
Cr (2p1) 579.6 0.83
0 (1s) $32.9 48.70
R (2p1) 294.9 1.01
C (1l1s) 284.6 19.06
c1 {2p) 198,2 0.39
8i (2p) 103.4 17.54

Figure A-47  Survey ESCA spectrum for stainless steel bolt B11, 4¢-2.
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Hed Aug 11 18:37:46 M-Probe ESCA Console User ID: JESSE

P113B.1.MRS Tue Aug 10 17:55:25 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  400x1008) Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: @.1eV founts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: D113B_1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian
Date: Tue Aug 10 17:55 1993

Element Binding Energy _ atom $

Na (1s) 1071.1 12.93

Ni (2p3) 857. 0.44

Fe (2p3) 713.4 1.63

F (1s) 686.3 1,03

cr {2p} 578.0 c.26

. o (1s) 532.8 49.41
ca (2p) 347.4 0.18

c {1s} 284.6 17.74

X c1 {2p) 198.8 .45
» si (2p) 103.4 15.93

. Figure A-48  Survey ESCA spectrum for stainless steel bolt D11, 3b-1.
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' Hed fug 11 11:27:19 M-Probe ESCA Comsole User ID: JESSE

' D113B_2.MRS Tue flug 10 19:08:085 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  408x1000y Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: ©.1eV Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: D113B_2.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Tue Aug 10 19:00 19¢3
Element B i om %
Na (1s) 1071.3 10.67
Ni {2p3) 857.6 1.11
Fe (2p3) 713.5 2.89
F (1ls) L85.3 2.16
o {1s) 522.7 44.1
Ca (2p) 349.1 0.30
c (ls} 284.6 17,20
8i tup) 103.7 16,22
Al {2p} 73.9 boug

Figure A-49  Survey ESCA spectrum for stainless stecl bolt D11, 3b-2.
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" Thu fRug 3:17:19 M-Probe ESCA Console User ID: JESSE

‘mzsc 1. Thu Aug 12 67:42:17 1993 Operator: Jesse Cherien
LDEF - ¢ <88 Steel Bolt
; Spot: ooy Resolution: 4 Energy:
o Scans: 20 Heutralizer: @.1eV Counts:
Reg’ 1 fiperture: None
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Surface Composition Table Summary

File name: Al128C_1.MRS

Region: 1

Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian

Date: Thu Aug 12 07:42 1993

Elepent  Binding Energy atom $

Na (1s) 1071.4 7.88 H
Fe (2p3) 713.5 1.47 )
F {1s) 683.8 1.19
o (1is) 532.7 54.83
K (2p3) 294.5 0.74
C (1s) 284.6 17.92

: si (2p) 103.3 15.97

L

Figure A-50 Survey ESCA spectrum for stainless steel bolt A12, 8c-1.
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"Thu Aug 12 89:21:2 M-Probe ESCA Console User ID: JESSE

" A120C2. MRS Jhu hug 12 88:51:58 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot: 488x1988y Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: ©.ieV Counts:
Region: 1/ 1 Aperture: None
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surface Composition Table Summary

File name: A128C_2.MRS

Region: 1

Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian

Date: Thu Aug 12 08:51 1993

Na (1s) 1071.4 7.22
Ni (2p3) 857.4 0.93
Fe (2p3) 713.4 1.72
F (18) 686.0 1.20
o {is) 532.7 54.08
ca {2p) 348.7 0.30
X (2p3) 294.6 0.62
c (1s) 294.6 17.96
si {2p} 103.3 15.96

Figure A-51  Survey ESCA spectrum for stainless steel bolt A12, 8c-2.
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The Rug 12 87:46:41 M-Prohe FSCA Comsole User ID: JESSE

G612B.1. MRS Tue Aug 16 22:14:86 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  408x1080y Resolution: 4 Energy:
Scans: 20 of 29 Neutralizer: ©.1eV Counts:
Region: 1/ 1 Aperture: Hone
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Surface Composition Table Sumary

File name: G612B_1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Therian

Date: Tue Aug 10 22:14 1993
Element Binding Energy atom %
Na {1s) 1071, 7.83
F  (1s) 684.5 1.08
C (1ls) 532.3 38.04
N (1) 399.0 0.78
Ca {2p) 347.6 0.1%
K {2p3) 293.5 0.5%
T {1s) 284.6 20.5%0
CLolep) 197.¢9 0.7¢
81 {2=)} PR TN 16.51
3i {(Zp) 100.7 21.7e

Figure A-52  Survey ESCA spectrum for stainless steel bolt G6, 12b-1,
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"Thu Aug 12 87:58:09 M-Probe ESCA Console User 1D: JESSE

'{- ' 6612B.2.MRS Tue Aug 10 23:18:46 1993 Operator: Jesse Cherian
3 LDEF - Stainless Steel Bolt
Spot:  498x1080p Resolution: 4 Energy:
Scans: 20 of 28 Neutralizer: @.1eV Counts:
Region: 1/ 1 Aperture: Hone
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Surface Composition Table Summary

File name: G612B_2.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Tue Aug 10 23:18 1993
t d E tom %

Na (1s) 1071.6 8.79

F (1s) 688.5 1.07

0 {1ls) 532.3 46.08

N (1s) 399.7 1.09

ca {2p} 346.€ £.23

K (2p3) 204.C 0.81

¢ (1s) 284.6 25.C01

Cl (2p) 198.8 C.3€

Si (2p) 102.9 16.55

ot Figure A-53  Survey ESCA spectrum for stainless steel bolt G6, 12b-2.
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tlhu fug 19 14:46:03 M-Probe ESCA Console User 1D: JESSE

MESC_1 . MRS Tue Aug 17 14:90:19 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt
Spot:  488x1000p Resolution: 4 Energy: 8697.60 eV
Scans: 20 of 20 Neutralizer: 0.1eV Counts: 19135
Region: 7 1 Aperture: Hone
-pesee —
] .
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- -~ P-4
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] e s " %
= 4 z e ® -~
_ - «Nt: g s 4: -
4
L ::d < 2 % :2 N o«
-y I S S esIza;
7] & S T= % o v
4 "jiﬁl‘ﬂﬁl,::_f;
T v T T T T T T T
1100 888 660 448 228 ]
Surface Composition Table Summary
File name: H65C_1.MRS
Region: 1
Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian
Date: Tue Aug 17 14:00 1993
Element P'nding Energy atoms -
. Na (1s) 1071.3 5.79 ’
! Fe (2p3) 713.8 1.1
' F ({(1s) 684.2 0.97
’ 0 (1s) 533.6 50.24
Ca (2p) 348.3 0.4C
K (2pl} 296.2 0.7%
c (1s) 284.6 28.04
, Mo (3d3) 232.4 0.18
. 81 (2p) 103.¢9 12.13

Figure A-54  Survey ESCA spectrum for stainless steel bolt H6, Sc-1
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" Hed fg 18 88:16:11 M-Probe ESCA Console Usor ID: JFSSE

il HESC_2. MRS Tue Aug 17 16:01:23 1993 Operator: Jesse Cherian
N LDEF - Stainless Steel Boit
ke Spot:  408x1000) Resolution: 4 Energy:
oy Scans: 20 of 20 Neutralizer: 0.1eV Counts:
. Region: 1/ 1 Aperturs: None
—60008
b -~
.
-1 -4
1T ~ :: ‘O'
.
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- ’3 b ~
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] s sa - )
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. = " s ~% 5 A% A
- K .o A BN
z N w - R m N
1 - 8 - ? v ea
o v o
Z e
-
T T T T T Y =T Y T
1100 860 668 449 228 ]

Surface Composition Table Summary

File name: H65C_2.MRS

Region: 1

Description: LDEF - Stainless Steel Bolt

Operator: Jesse Cherian

Date: Tue Auy 17 16:01 1993 .
|

Element _ Binding Energy atom % K
]

Na (1s) 1071.3 6.14 '

Fe (2p3) 713.1 1.12 ’

F (1s) 683.7 1.05

0 (1s) §33.2 46.76

Ca (2p} 348.7 0.41

¢ (1s) 284.6 28.27

Cl (2p) 198.4 0.51

8i (2p) 1¢3.9 14.80

K (2p) 295, 0.94

Figure A-55 Survey ESCA spectrum for stainless steel bolt H6, Sc-2.

oy A-61




Hud Aug 25 10:54:02 M-Probo ESCA Console Usor ID: JEGGE
HASHER . MRS Hed Aug 18 98B:08:14 1993 Operator: Josse Cherian
LDEF - Stainless Stecl Bolt

Spot:  400x1600y Resolution: 4 Enorgy:

Scans: 20 of 20 Heutralizer: 0.1eV Counts:

Region: 1/ 1 fiperture: Hone

60848 _— -
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)
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. °ec 32 o ' e @ <
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yrn
T ' T T T ' T
1108 888 660 440

Surface Composition Table Summary

File name: WASHER.MRS

Region: 1

Description: LDEF - Stainless Steel Bolt
Operator: Jesse Cherian

Date: Wed Aug 18 08:08 1993

Element Binding Energy. atom %

F o (1s) 686.0 3,72
cr (2p3} 74.2 2.52
o0 (1s) £31,7 40,21
T (1is) 284.6 30,42
s (2p) 165.9 2,459
51 {2p) 2.0 L
AL {2p) 1.7 31,18

A-62

Figure A-56  Survey ESCA spectrum for washer from stainless steel bolt H6.
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Sat Oct 16 #5:22:04 M Probe EGCA Console Usear ID: JEGSE

CNTRLZ.3. MRS Gat Uct 16 A%5:14:58 1993 Opurator: Josso Chorian
LDEF  Stainless Gtee) Bolt, Bottom Tip
Spot:  400x18086)y Rosolution: 3 Energy:
Scans: 20 of 20 Neutralizer: @.1eV Counts:
Region: 1/ i Aperture: Hone
50080 e
4
: - .
- » )
2 A~ * 3 b
4 ¢) @ ~ < ; A a
- . [
B v o © s YRR s
Be z R
- -
1 ®w owozg
. T T 1 T T T 1 T
5_: 1109 880 669 440 220 ]
surface Composition Table Sum-ary
- File name: CNTRL2_3.MRS
s Region: 1
Descripticn: LDEF - Stainless Steel Bolt, Bottom Tip
Operator: Jerge Cherian
. F Date: Sat Oct 16 05:14 1993
% ind a )
< Na (1s) 1071.4 5,72
T Fe (2pl) 714.1 0.41
3 F (1s) 683.8 0.60
¥ o (1s) 533.9 19,00
C  (1s) 284.6 70.64
- 81 (2p) 104.7 3.62

Figure A-57 Survey ESCA spectrum for bottom tip of ground control
stainless steel bolt 2.
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Fri Oct 15 19:57:59 n-Probe ESCA Console Usor ID: JESSF

CB36A_0B3. MRS Frl Oct 15 07:57:68 1993 Oporator: Jesse Chorjan
LDEF - Stainless Stoel Bolt, Bottom Tip
Spot:  498x1008p Resolution: 3 Energy:
Scans: 28 of 20 Heutralizer: 0.1eV Counts:
Region: 1/ 1 Aporture: None
1100089
) .
- -4
-4
| ~u
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. [
4 - 3< : T - N 3 -~
- wg - P - . - o s ™
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-4 -
wn -4 i l I z ©
T T T T T T T T T
1100 888 660 448 220 ‘

Surface Composition Table Summary

File name: CO038A_03.MRS

Regicn: 1

Desc .ption: LDEF - Stainless Steel Bult, Bottom Tip
Operator: Jesse Cherian

Date: Fri Oct 15 07:57 1993

F

Na (1s) 1072.0 0.58
F (i8) 688.4 0.37
O (1s) $32.0 58.65
8n (3d) 486.3 0.03
R (1s) 400.0 0.34
C (1s) 284.6 16.96
si (2p) 102.€ 23.06

Figure A-58 Survey ESCA specirum for bottom tip of stainless steel bolt C3, 8a.
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"Fri Oct 15 86:54:15 M-Probe ESCA Console User ID: JESSE

DB24C.83. MRS Fri Oct 1S 06:43:29 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt, Bottom Tip
Spot:  488x1968) Resolution: 3 Energy:
Scans: 20 of 28 Neutralizer: ©.1eV Counts:
Region: 1/ 1 fAperture: None
%5800
. -~
@
1 -l
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- “e )
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z © = " pre w w =l
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Surfzce Composition Table Summary

File name: D024C_03.MRS
1

Region:

Description: LDEF - Stainless Steel Bolt, Bottom Tip
Operator: Jesse Cherian

Date: FPri Oct 185 06:43 1993

Elepent _ Binding Energy atom %

Na (1s) 1072.1 0.81

F (1s) 687.7 0.72

o (1s) 532.3 56.68

C (1s) 284.6 20,12

8i (2p) 102.7 21,66

Figure A-59  Survey ESCA spectrum for bottom tip of stainless steel bolt D2, 4c.
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tFri Oct 15 12:32:04 M-Probe ESCA Console User ID: JESSE
E047C_03. MRS Fri Oct 15 11:59:89 1993 Operator: Jesse Cherian
LDEF - Stainless Steel Bolt, Bottom Tip
Spot:  400x1880p Resolution: 3 Energy:
Scans: 28 of 20 Neutralizer: @.1eV Counts:
Region: 1/ 1 Aperture: None
580008
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v
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Surface Composition Table Summary

File name: E047C_03.MRS
1

Region:

Description: LDEF - Stainless Steel Bolt, Bottom Tip
Operator: Jesse Cherian

Date: Fri Oct 15 11:59 1993

Elepent = Binding Energy  atom §&

Na (1s) 1071.1 5,62
Fe (2p3) 712.7 0.94
F (1s) 683.5 1.20
0 (1s) 532.6 44.44
K (2p1) 294.5 1.15
Cc (1s) 284.6 33.34
cl (2p) 198.8 0.49
si (2p) 103.0 12.81

Figure A-60 Survey ESCA spectrum for bottom tip of stainless
steel bolt E4, 7c.
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Appendix B

Auger spectra from selected aluminum tray clamp surfaces and
aluminum sheetstock.
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Auger spectrum for back surface of tray clamp C3-6.
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Auger spectrum for front surface of tray clamp C9-7.

Figure B-5
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Auger spectrum for back surface of tray clamp C9-7.
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Auger spectrum for second area from front surface of
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Figure B-10  Auger spectrum for back surface of tray clamp C9-2.
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Figure B-12  Auger spectrum for front surface of tray clamp C3-5,
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tray clamp C3-5.
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Figure B-15  Auger spectrum for fourth area from front surface of
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tray clamp C3-5.
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surface of tray clamp C3-5.
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Figure B-18  Auger spectrum for back surface of tray clamp C3-5.
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Appendix C

Auger Spectra for Bolts from Selected Aluminum Tray Clamps.
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Figure C-13  Auger spectra from area of bolt head of bolt E9, 4c.
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C-16



P e e

— \wv

e e e et et

T U W 1
T

\
\\\
T

" + — +
+ —+ +

" + + e + + Py
+ + + -+ + + +

¥na000 0=18 A%00°01=AH6

2055 19 ~r 40 ~

“NIN 0S5 ¥=3WIL H3ILINDS ¢ V3HY OF 934

+ 4
—+ -+

+ + 4 + + +
+ + + + + +—¢

03S/SINNOJ A 000°0 °‘TE0°0=13S440 ‘'HOLIV4 3WIS

27-M

=13 €6/9%/L "1 3-d II40Hd S3V

06¥2°€6 314

-—

ot

(174

o€

oy

0S

09

0L

(1]2]

06

007

Figure C-15 Auger spectra from area of bolt head of bolt D7, 7a.
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Appendix D

ESCA Spectra from Copper Surfaces
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Description: LDEF -~ ORIGINAL CU STRIP
Operator: M D JOHNSON

Date: Mon May 18 08:50:57 1992
Cu (2p3) 934.31 1.39 %
o (1s) §32.17 19.65 %
C (1s) 285.00 67.08 %
Cl (2p) 198.91 0.76 %
81 (28) 152.7% 11.12 %

- o an o

Total Percent 100.00 &

Figure D-1  Survey ESCA spectrum for copper ground control specimen.
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Hed Jul 14 13:01:24 M-Probe ESCA Console

User ID: JESSE

A10.81 . MRS Wed Jun 23 16:13:58 1993 . ., ) Operator: Josse Cherian
LDEF - Copper Strip A10:Darkest Region, Cut 100
Spot:  400x1000) Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: @.ieV Counts:
Region: 1/ 1 Aperture: Hone
—208008
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surface Composition Table Summary

File name: Al10_0l1.MRS

Region:

1
Description: LDEF - Copper Strip A10:Darkest Region, Cut
1

Operator:
Date:

Jesse Cherian
Wed Jun 23 16:13 1993

%

cu (2p3) 934.8
F (1s) 689.8
o {1is) 531.2
¢ (1s) 284.6
si (2p) 101.6

Figure D-2
from shielded area.

16.82
0.68
48.98
23.81
2.70

Survey ESCA spectrum for tray A10 copper strap, 0.5"




Thu Jul 1 18:45:04

H-Probe ESCA Console User ID: JESSE

A18.57. MRS Thu Jul 01 19:13:45 1993 Operator: Jesse Cherian
LOEF - Copper Strip, 8.57" from edge
Spot:  408x10800y Resolution: 4 Enorgy:
Scans: 25 of 25 Neutralizer: ©.1ey Counts:
Region: v 1 fperture: Hone
Pema
. AL
Y A
A ’SNS
<3 PR
] ® ® »
- ; " Tw
< 2 i
- w" ea
1 2 ¥ %%
- ° o 3oy
4
7 Q

1100

8Surface Composition Table Summary

File name: Al10_S57.MRS

Region: 1

Description: LDEF - Copper Strip, 0.57" from edge
Operator: Jesse Cherian

Date: Thu Jul 1 10:13 1993

Element Binding Energy  atom 8

Cu (2p3) 934.6 21.41
0 (1s) 531.0 49.07
C (is) 284.6 22,65
8i (2p) 101.6 6.87

Figure D-3

Survey ESCA spectrum for tray A10 copper Strap, 0.57"
from shielded area.
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v

t“od Jul 87 67:58:52 M-Probe ESCA Console User ID: JESSE

; A10.120. MRS Thu Jul 61 14:46:14 1993 Operator: Jesse Cherian
. LDEF - Copper Strip. 1.28" from edge
- Spot: 408x1000y Resolution: 4 Enorgy:
Scans: 25 of 285 Neutralizer: ©.ieV Counts:
Region: 1/ 1 fiperture: Hone
: 188008
i 1 -~
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: C‘4 4 v ©
- T T T Y T v T T T
BBE e

g
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Surface Composition Table Summary

File name: Al10_120.MRS

ik Region: 1
: Description: LDEF - Copper Strip, 1.20" from edge
R Operator: Jesse Cherian
Date: Thu Jul 1 14:46 1993
Element  Binding Energy  atom $
Cu (2p3) 936.1 0.91
T F (1s) 689.0 0.45
. o (1s) 532.5 33,12
' c {1s) 284.6 42.63
8i (2p) 102.3 22.89

k Figure D-4  Survey ESCA spectrum for tray A10 copper Strap, 1.20"
=0 from shielded urea.
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Tha Jun 24 12:32:08

A10.94. MRS

M-Probe ESCA Console User ID: JESSE

Thu Jun 24 12:28:27 1993 Operator: Jesse Cherian

LDEF - Copper Strip A18: Bronze Area 4 (/"

Spot:  408x1000 Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: @.1eV Counts:
Region: v 1 fAperture: None
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1108 668 440 228 ]
Surface Composition Table Summary
File name: A10_04.MRS
Region: 1
Description: LDEF - cOpga: Strip Al0: Bronze Area 4
Operator: Jesse Cherian
Date: Thu Jun 24 12:28 1993
Elespent  Rinding Energy  atom %
Cu (2p3) 935.0 4.13
O (1s) 531.8 36,31
C (1s) 284.6 40.16
S (2p) 169.0 1.55
81 (2p) 101.5 17.84
FigurcD-5  Survey ESCA spectrum for tray A10 copper Strap, 1.40"

from shielded area.
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p o

Mon Jul 12 12:23:14
Hed Jul 67 13:43:49 1993

A10.258. MRS

M-Probe ESCA Conscle User ID: JESSE
Operator: Jesse Cherian

LDEF - Copper Strip A10, 2.58" from edge

Spot: 4088x1808y Resolution: 4 Energy:
Scans: 25 of 25 Heutralizer: ©.ieV Counts:
Region: 1/ 1 fperture: None
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1108 888 660 448 228 [ ]
Surface Composition Table Summary
File name: A10_250.MRS
Region: 1
Description: LDEF - Copper Strip Al0, 2.50" from edge
Operator: Jesse Cherian
Date: Wed Jul 7 13:43 1993
Blepent Bioding Rnergy  atom 8
0o (1s) 532.1 37.83
N (1s) 399.8 0.55
c {(1ls) 284.6 19.39
81 (2p) 102.4 10.46
Cu (2p3) 934.2 31.7?
Figure D-6  Survey ESCA spectrum for tray A1Q copper Strap, 2.50"

from shielded area.

D-11




Mon Jul 12 12:18:39 #-Probe ESCA Comnsole User ID: JESSE

A10_275.MRS Thu Jul 88 12:14:86 1993 Operator: Jesse Cherian
LDEF - Copper Strip A18, 2.75" from edge '
Spot:  400x1000p Resolution: 4 Energy:
Scans: 25 of 25 Mcutralizer: 8.1eV Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: Al0_275.MRS
1

Region:

Description: LDEF - Copper Strip A10, 2.75" from edge
Operator: Jesse Cherian

Date: Thu Jul 8 12:14 1993

f

0 (1s) 530.1 27.17
N (1s) 399.1 0.89
¢ (1s) 284.6 22.72
c1 (2p) 199.0 1.01
s (2p) 168.4 0.62
Si (2p) 101.9 4.20
Cu (2p3) 933.6 43.40

Figure D-7  Survey ESCA spectrum for tray A10 copper Strap, 2.75"
from shielded area.
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Tue Jul 13 14:82:81

A10_480. MRS

Tue Jul 13 68:29:0% 1993

M-Probe ESCA Console User ID: JESSE
Oporator: Jesse Cherian

LDEF - Copper Strip A10, 4.88" fron edge

Spot:  400x10890) Resolution: 4 Enewrgy:
Scans: 25 of 285 Neutralizer: 0.1V Counts:
Region: 1/ 1 Aperture: None
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1 @€ w,
<€ - » o
| = s ¥
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Figure D-8

Surface Composition Table Summary

File name: A10_400,MRS
Region: 1

Description: LDEF - Copper Strip A10, 4.00* from edge
Operator: Jesse Cherian

Date: Tue Jul 13 08:29 1993
Element _ Binding Energy  atom §
F (1s) 688.3 0.54
o (1s) §32.0 31.14

N (18) 399.3 1.02

C (1s) 284.6 34.22
Cl (2p) 198.9 1.5%

s (2p) 168.8 3.07
si (2p) 102.1 8.51
Cu (2p3) 933.5 19.95

Survey ESCA spectrum for tray A10 copper strap, 4.00"
from shielded area.
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"Tue Jul 13 18:588:28 M-Probe ESCA Console User ID: JESSE

' R10.580. MRS Tue Jul 13 15:33:18 1993 Operator: Josse Cherian
LDEF - Copper Strip A18, 5.08" fron sdge
Spot:  408x1000y Regolution: 4 Energy:
Scans: 25 of 25 Neutralizer: 0.1eV Counts:
Region: 1/ 1 fiperturs: None
”~~
- Y
-
- -’
(-]
- - _
4 '-: -~ -
(I .
By oh -
n 82 S ) -~ o~
AT -~ < -~ s &
i O wd ™ =N -~ N AN .
e By - k1 i~ s 3‘&::}'& -~
- - mw 308
1 (U. \i z 1+ 9'&‘ °I° °
] ¥ 1 M I M 1 M i
1100 880 660 440 228 -]

Surface Composition Table Summary

File name: A10_S00.MRS

Region: 1

Description: LDEF - Copper Strip Al0, 5.00" from edge
Operatort Jegse Cherian

Date: Tue Jul 13 185:33 1993

i

cu (2p3) 933.1 2.46
F (1s) 688.9 0.43
o (1s) 532.7 48.45
N (1s) 400.6 0.83
¢ (1s) 284.6 21.67
s (2p) 169.6 5.00
8i (2p) 103.1 21.16

Figure D-9  Survey ESCA spectrum for tray A10 copper strap, 5.00"
from shielded area.
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Teflon
4=
Exposed
Copper
C—p
b —b»
Unexposed

Distances are positive with increasing distance from unexposed area.

Figure D-10 Diagram of measurement locations on copper strap from tray A2.
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" Tiws Apr 29 67,37,03 M-Probo ESCA Console User ID: LDEF
- AB2_0t, MRS Mon Apr 26 11:41:25 1993 Operator:
o ABZ - LDEF - COPPER STRAP - CLAMP AREA(4)- b-3.5mn
Spot:  498x1000y Resol tion: 4 Energy:
Scans: 20 of 20 Noutralizer: @.8eV Counts:
Region: 1/ 1 Aperture: None
X ~1288000
_ T
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L ] < s e~
T - < a
§ m 3 F| e
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j 4
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Surface Composition Table Summary

' File name: A02_04.MRS

. Region: 1

i Description: A02 - LDEF ~ COPPER STRAP - CLAMP AREA(4)-
= b-3,5mm
o Operator:

N Date: Mon Apr 26 11:41 1993

Figure D-11  Survey E5CA spectrum for tray A2 copper strap at
location b-3.5mm.
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s Thu Rpr 29 67:38:12 M-Probe ESCA Console User ID: LDEF
’ AB2__85. MRS Mon Apr 26 13:24:54 1993 Operator:
AB2 - LDEF - COPPER STRAP - (S) - c-Gmn
Spot:  498x1008p Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: .80V Counts:
Region: 1/ 1 Aperture: None
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Surface Composition Table Summary

File name: A02___05.MRS
1

Region:

Description: A02 - LDEF - COPPER STRAP =~ (o) ~ c-6mm
Operator:

Date: Mon Apr 26 13:24 1993

E

1071.2
933.4
688.8
532.4
399.9
284.6
199.2
168.9
102.1

(-

A~ A~ o, P g, Py, S oy,
—

BONZOMNOZ
B3 A0 b 1 b 0 N

TTUTR 0 0N0 W
Nt e st s St ot st 2 St

Figure D-12  Survey ESCA spectrum for tray A2 copper strap at

location ¢-6..nm.
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Thu Rpr 29 87:39:21 M-Probe ESCA Console User ID: LDEF

A2 86. MRS Mon Apr 26 14:38:18 1993 Operator:
AB2 - LDEF - COPPER STRAP - (6) - c-imn
Spot:  40Bx1098) Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: 0.80V Counts:
Region: 1/ 1 Aporture: None
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Surface Composition Table Summary

File name: A02__06.MRS
1

Region:

Description: A02 - LDEF - COPPER STRAP - (6) - c~lmm
Operator:

Date: Mon Apr 26 14:38 1963
Blsment _ Rinding Energy  atom §
Cu (2p3) 933.6 4.23

P (1s) 688.3 1.20
O (1is) 531.9 24,79

N (is) 399.5 1.08

C (1s) 284.6 83.76
Cl (2p) 198.9 1.14

8 (2p) 168.5 0.80
81 (2p) 101.6 13,00

Figure D-13  Survey ESCA spectrum for tray A2 copper strap at
location ¢c-1.mm,
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Thu 29 87:43:11 H-Probe ESCA Console User ID: LDEF

AB2...80. MRS Tue Apr 27 99:11:54 1993 Operator:
AB2 - LDEF - COPPER STRAP - TRAY ARER (8) - d-13mn
Spot: 408x1008y Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: 0.0V Counts:
Region: i/ 1 Aperture: Hone
-1 00008
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Surface Composition Table Summary

File nane: A02__08.MRS

Regaon: 1
Description: A0O2 - LDEF ~ COPPER STRAP -~ TRAY AREA (8) ~
d=13mm
Operator:
Date: Tue Apr 27 09:11 1993
Rlspent _ Binding Enezgy — atom 8
Cu (2p3) 933.4 1.12 ‘
F (1s) 689.0 0.58
O (is) §32.4 30.59 1y
C (1s) 284.6 46.44 X‘
81 (2p) 102.1 21.27 .

Figure D-14  Survey ESCA spectrum for tray A2 copper strap at
location d-13mm.
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Thu Rpr 29 087:41:24 M-Probe ESCA Console
fAB2__87

User ID: LDEF
MRS Tue Apr 27 88:14:28 1993 OCperator:
m-m-mmsrm-rmamm - 4~12nn

" Spot:  498x1008p Resolution: 4 Energy:
- Scans: 20 of 28 Neutralizer: @.0eY Counts:
v Region: 1/ 1 Aperture: None
= -rouu
- " b -~
1 . -~
- -~ - L
. o 3 -
;'. - brd
o -
. j S o @
" < ~ -
o - a O
- -1 © w N @
n 4 - ey
: - 9 - -
35 L S
. 1100 888 669 140 228 l e
—3
e Surface Composition Table Summary
o File name: a02__07.MRs
ww Region: 1
- Description: 202 - LDEF - COPPER STRAP - TRAY AREA (7) -
- d-12mm
ey Operator:
N Date: Tue Apr 27 08:14 1993
Cu (2p3) 933.3 0.47
x O (1s) 532.7 26.33
N C (1s) 284.6 52.19
" 8i (2p) 102.1 21,01
*

Figure D-15 Survey ESCA spectrum for tray A2 copper strap at
' location d-12mm.
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Thu Apr 29 67:44:0¢ H-Probe ESCA Console User ID: LDEF

ABZ2__99.MRS Hed Apr 28 10:37:37 1993 Operator:
AB2 - LDEF - COPPER STRAP - TRAY AREA (9) ~ d-San
Spot: 498x1008p Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: @.8eV Counts:
Region: v/ 1 fAperture: None
58000 =
a o~
4 o .
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¢ o
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4 b a &
g a4 Q
. < =
4 g n w

Surface Composition Table Summary

File name: A02__09.MRS

Region: 1

Description: A02 - LDEF ~ COPPER STRAP - TRAY AREA (9) -
d-5mm

Opsrator:

Date: Wed Apr 28 10:37 1993

Blement Binding Energv. __atom §

O (1s) 532.7 25.66

C (1s) 284.6 52.32

8i (2p) 102.1 22.02

Figure D-16 Survey ESCA spectrum for tray A2 copper strap at
location d-5.mm.
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Siiver

Teflon
e —P»
d —
Exposed
Copper
C—p
b =P
a
a-10—p O
Unexposed
Distances are positive with in
Approximate

a-->b 25mm, b-->¢ 13mm, c-->d

N

)t

\ Aluminum clamp

creasing distance from unexposed area.
distances between letter markers are as follows;
25mm, d-->e 16mm.

Figure D-17. Diagram of measurement locations on copper strap from tray D11.
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Thu Apr 30 18:83:34 #-Probe ESCR Conzole User ID: MELISSA

D11._8S.MRS Fri Apr 10 18:47:14 1992 Operator: MDJ
D11 COPPER STRIP (a-18mn)
Spot:  480x1088y Resolution: 4 Ensrgy:
Scans: 2B of 28 Neutralizer: 3.8eV Counts:
Region: 1/ 8 Apsrture: None
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Surface Composition Table Summary

File name: D11_05.MRS

Region: 1

Description: D11 COPPER STRIP (a-10mm)
Operator: MDJ

Date: Fri Apr 10 16:47:14 1992
Cu (2p3) 933.60 6.79 %
0 (1s) 532,37 16.16 §
Na (Auger) 496.84 1.74 &
¢ (1s) 285.00 63.03 %
8i (2p) 102.33 12.28 &

Total Percent 100.00 %

Figure D-18 Survey ESCA spectrum for tray D11 copper strap at
location a-10.mm.
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"Thu Apr 30 14:31:48 M Probe ESCA Console User ID: MELISSA

' D1161. MRS Mon Apr 27 21:26:89 1992 Operator: M D JOHNSON
a+iBmn

Spot:  490x1880p Resolution: 4 Enargy:

Scans: 2B .f 20 Neutralizer: 3.8eV Counts:

Region: 1/ 8 Aperture: None
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Surface Composition Table Summary

File name: D1101.MRS
Region: 1
Description: a+10mm

Operator: M D JOHNSON

Date: Mon Apr 27 21:26:59 1992
Flepent __ Binding Bnergy  atom %
C (ls) §31.48 36.73 %
N (1s) 399.79 1.65 %

. C (1s) 285.00 31.26 &

g 8i (2p) 102.29 3.61 %
“u (2pl) 964.28 26.76 %

Totul Percent 100.00 %

- Figure D-19  Survey ESCA spectrum for tray D11 copper strap at
location a+10.mm.
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Thu Apr 30 14:39:45

D1162.MRS
a*22nn

Spot: 400x1 080y
Scans: 20 of 28
Ragion: 1/ 8

M-Probo ESCA Consoloe
Tue Apr 28 @M:43:51 1992

Resolution: 4 Enorgy:
MNeutralizer: 3.8eU Counts:
fAperture: None

User ID: MELISSA
Operator: N D JOHNSOM

aer)
g £ Y

O( Au

Cu( Auger)
Cu( Auger)
Cu( Auger)

-~
— . -

- P S

1 3 ~ ra B weab
» -t a N ) -
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~anch . (-3

1 N I N ' ¥ 1 N {

1182.49 882.49 662.49 442.49 222.49 2.49

Surface Composition Table Summary

File name: D1102.MRS

Region: 1

Description: a+22mm

Operator: M D JOHNSON

Date: Tue Apr 28 00:43:51 1992
O (1s) 531.37 35.40 %

N (1s) 400.42 1.02 %

¢ (1s) 285.00 36.25 &
Cl (2p) 198.99 0.93 ¢
81 (2p) 102.43 8.76 %
Cu (2p3) 935.13 17.64 %

Total Percent 100.00 &

Figure D-20  Survey ESCA spectrum for tray D11 copper strap at

location a+22.mm.
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"Thu Apr 30 15:18:85

N-Probe Console User ID: MELISSA

D1163. MRS Tue Rpr 28 084:00:41 1992 Opsrator: N D JOHNSON
b
Spot: 480x1008p Resolution: 4 Enorgy:
Scens: 20 of 28 Neutralizer: 3.8V Counts:
Region: 1/ 8 Apsrture: None
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Figure D-21

662.4% 442.49 222.49 2.49

Surface Composition Table Summary

File name: D1103.MRS
Region: 1
Description: b

Operator:
Date:

M D JOHNSON
Tue Apr 28 04:00:41 1992

o 532.52 29.

(1s) 9.93 %

N (1s) 399,51 1,19 %
¢ (1s) 285.00 48.40 %
Cl (2p) 199.15 1.11 %
8i (2p) 102,40 6.05 &
Cu (2p3) 935.13 13,31 ¢
Total Percent 100.00 &

Survey ESCA spectrum for tray D11 copper strap at
location b.
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"Thu Rpr 38 15:28:87 n-Probe ESCA Console User ID: MELISSA

' D1404.MRS Tus Rpr 28 87:117:38 1992 Oparator: W D JOHNSON
beZmn
Spot:  408x1008p Resojution: 4 Enorgy:
Scans: 208 of 28 Neutralizer: 3.8eV Counts:
Region: 1/ 8 Aperture: Hone
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surface Composition Table Summary

File name: D1104.MRS
Regi. nt 1
pescription: b+2mm

Operator: M D JOHNSON

Date: Tue Apr 28 07:17:30 1992
Rlement  Binding Rnexgy  Atom $
0 (1s) 531,23 36.71 8
N (18) 399,66 1.33 %
¢ (1s) 2685.00 35,66 %
€l (2p) 199.18 1.15 %
si (28) 152.89 4.62 %
Cu (2p3) 935,09 20.83 8

Total Percent 100.00 &

Figure D-22  Survey ESCA spectrum for tray D11 copper strap at
location b+2.mm.
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Thu Apr 38 15:24:37 M-Probe ESCA Console User ID: MELISSA

D11.881 . MRS Thu Apr 38 10:05)36 1992 Operator: N D JOHNSON
hednn

Spot:  4POx10080y Resolution: 4 Energy:

Scans: 20 of 28 Neutralizer: 3,86V Counts:

Region: 1/ 3 Apsrtura: None

(25'1’&)

O( Auger)
Cu(

Cu

u{ Auger)

{c
C(1is)
4 Cu(ds)
Cu(3p)

|

Cu( Auger)
o(1s)

T N N
1182.19 882.19 662.19 442.19 ' 222.19 2.19
Surface Composition Table Summary

File name: D11_001.MRS
Region: 1
Description: b+4mm

Operator: M D JOHNSON

Date: Thu Apr 30 10:05:36 1992

¢ (1s) 530.86 25.60 % i
C (1s) 284.90 7.92 % |
Cu (3p) 76,13 3.12 ¢

Cu (2p3) 934.83 63.35 %

Total Percent 100.00 ¢

Figure D-23  Survey ESCA spectrum for tray D11 copper strap at
location b+4.mm.
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Thu Apr 30 10:49:41

M-Probe EGCA Console User ID: WELIGGA

:11..2.'(!5 Thu Apr 39 14127128 1992 Operator: M D JOHNEON
+6on
Spot:  488x1008) Resolution: 4 Energy!
Scans: 28 of 28 Neutralizer: 3.8aV Counts:
Reglon: 1/ 3 Aperture: None
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surface Composition Table Summary
File name: D11_002.MRS
Region: 1
Descriptiont b+6mm
Operator: M D JOHNSON
Date: Thu Apr 30 11:27:28 1992
0o (1s) 531.45 28.96 %
n (1s) 285.00 10.49 &
si (28) 152.82 3.22 ¢
cu (3p) 77.35 3,99 %
Cu (2p3) 935.09 §3.33 %
Total Percent 100.00 %
Figure D-24  Survey ESCA spectrum for tray D11 copper strap at

location b+6.mm.
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Thu Apr 30 18:51:27 #-Probe ESCA Console User ID: MELISSA
D11.903. MRS Thu Apr 38 12:46:82 1992 Operator: M D JOHNSOM
beBan
Spot:  4900x1088y Resclution: 4 Energy:
Scans: 28 of 28 Neutralfzer: 3.8eV Counts:
Ragion: 1/ 3 Aperture: None
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b -
o~
et
7 8 o
<.
] 44
L]
- © - -
o ) ~
‘ - e
< [ ] L'
-4 s e
‘; < 8
4 o ; L™ -~
-y -~ a
pu W ’W 3 "
©os - -
- \“‘) - -]
L4 (1)
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1182.48 882.48 662.48 442.48 222.48 2.48
surface Composition Table Summary

File name: D11_003.MRS
Region: 1
Description: b+8mm

Operator: M D JOHNSON

Date: Thu Apr 30 12:46:52 1992
0o (1s) 531.76 39.33 %
Cc (1s) 285.00 12.22 ¢
Cu (2p3) 835.12 17.45 %

oo eaae

Total Percent 100,40 %

Figure D-25 Survey ESCA spectrum for tray D11 copper strap at
location b+8.mm.
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' :ﬂtu Apr 30 15:56:41 M-Probe ESCA Conmsole User ID: MELISSA
" $11._304.WRS Thu Rpr 38 14:06:16 1992 Operator: M B JOHNSOMN
! bei8nn
T Spot:  408x1088p Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: 3.8eV Counts:
 ;_ Reglon: 1/ 3 Aperture: None
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e
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Surface Composition Table Summary
File name: D11_004.MRS
Region: 1
Description: b+10mm
Operator: M D JOHNSON
Date: Thu Apr 30 14:06:16 1992
Element _ Rinding Energy  atom %
et Cu (2p3) 934.90 35.32 &
ol O (ls) 532,05 42.01 & .
by C (is) 285.00 17.60 ¢ |
N 81 (2p) 102.36 5.07 %
! Total Percent  100.00 %
: Figure D-26  Survey ESCA spectrum for tray D11 copper strap at

location b+10.mm.
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Thu Apr 38 16:84:11 M-Probe ESCA Console Usor ID: MELISSA

D11.905. MRS Thu Apr 38 18:32:86 1992 Operator: M D JOHNSON
bei2mm
Spot:  4803x1883p Rezolution: 4 Energy:
Scans: 28 of 28 Neutralizer: 3.8eV Counts:
Region: 1/ 3 Aperture: Hone
-1¥5808
- ~
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1192.52 882.52 662.52 442.82 222.82 2.82

surface Composition Table Summary

File name: D11_005.MRS
Region: 1
Description: b+12mm

Operator: M D JOHNSON

Date: Thu Apr 30 15:32:06 1992
RBlement Binding Epnerqy  atom $
0 (1s) $31.77 41.95 %
c (1s) 285. .0 18.59 %
Si (2s8) 153.86 6.91 &
Cu (2p3) 935,16 32.55 ¢

Total Percent 100.00 %

Figure D-27  Survey ESCA spectrum for tray D11 copper strap at
location b+12.mm.
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Fri May 01 ©9:33:38 M-Probe ESCR Console User ID: MELISSA
D11_806. MRS Thu Rpr 38 16:83:28 1992 Operator: N D JOHNSOM
heli3nn
Spot: 408x1888) Resolution: 4 Energy:
Scans: 28 of 20 © HWeutralizer: 3.8eV Counts:
Region: 1/ 3 Aperture: None
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4
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surface Composition Table Summary

File name: D11_006.MRS
Region: 1
Description: b+13mm

Operator: M D JOHNSON

Date: Thu Apr 30 16:55:20 1992
0 (1ls) 535.64 43.77 %
¢ (1s) 285.00 20.56 %
8i (2s) 153.57 7.82 %
Cu (2p3) 935.12 27.85 %

Total Percent 100.00 &

Figure D-28  Survey ESCA spectrum for tray D11 copper strap at
location b+13.mm.
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Fri May 01 ©09:38:23

M-Probe ESCA Console User ID: MELISSA

D11.087.MRS Thu Rpr 38 18:14:458 1992 Operator: M D JOHNSON
c*Ban
Spot: 408x1008)y Resolution: 4 Energy:
Scans: 20 of 28 Neutralizer: 3.8eV Counts:
Region: 1/ 3 fAperture: None
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Figure D-29

662.43 442.43 222.43 2.43

Surface Composition Table Summary

File name: D11_007.MRS
Region: 1
Description: c+Smm

Operator: M D JOHNSON
Date: Thu Apr 30 18:14:45 1992

0 (1s) 531.96 40.83 8%
C (1s) 284.99 19.03 %
8i (28) 153.31 5.21 %
Cu (2p3) 935.07 34.93 6

Total Percent 100.00 &

Survey ESCA spectrum for tray D11 copper strap at
location c+5.mm.
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Fri May 61 09:41:26 M-Probe ESCA Conscle User ID: MELISSA

D11_888. MRS Thu Apr 38 19:34:11 1992 Operator: M D JOHNSOM
21
Spot: 480xi008p Regolution: 4 Energy:
Scans: 28 of 28 Heutralizer: 3,80V Counts:
Region: 1/ 3 Rperture: Hone
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v o o—————

3 v I N 1
1182.88 882.58 662.58 442.55 222.88 2.88

Si(2»)
Tsrc2zp)
Cu(3p)

Surface Composition Table Summary

File name: D11_008.MRS
Region: 1
Description: c+10mm

Operator: M D JOHNSON

Date: Thu Apr 30 19:34:11 1992
O (1s) 53%.36 45.95 %
C (1s) 284.99 28.79 %
81 (2s) 153,36 9.40 %
Cu (2p3) 935.19 15.87 &

LT X R

Total Percent 100.00 &

Figure D-30  Survey ESCA spectrum for tray D11 copper strap at
location c+10.mm.
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"Hed May 28 00:05:15 H-Probe ESCA Console

User ID: MELISSA

D.11_81.MRS Tue May 19 18:41:59 1992 Operator: M D JOHNSOM
d
Spot:  408x1000y Resolution: 4 Energy:
Scans: 20 of 28 Neutralizer: 3.8eV Counts:
Region: i/ s Aperture: None
—60008
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- L ad ~
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] : -~ (&)
n ® .M l'-
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L
- <
-
p 4
(5
T T T v r
1166.86 886,06 ' 666.686 446.686 226.86 l 6.86
Surface Composition Table Summary
File name: D_11_0l1.MRS
Region:s 1
Description: d
Operator: M D JOHNSON
Date: Tue May 19 18:41:59 1992
Cu (2p3) 935.03 0.47 &
0 {1s) 833.14 26,04 8
C (18) 284.99 47.85 &
81 (28) 153./5 25.30 %
F (1s) 691.30 0.35 &
Total Percent 100.00 %

Figure D-31 Survey ESCA spectrum for tray D11 copper strap at

location d.
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Hed May 28 ©8:11:25 H-Probe ESCR Console User ID: MELISSA

D.11_92.MRS Tue May 19 21:28:31 1992 Operator: M D JOHNSON
de2mn
Spot:  498x1008y Rosolution: 4 Energy:
Scans: 28 of 28 Neutralizer: 3.@eV Counts:
Region: VA 1 Rperturs: None
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Surface Composition Table Summary

File nama: D_11_02.MRS
Region: 1
Description: d+2mm

Operator: M D JOHNSON

Date: Tue May 19 21:20:31 1992
Cu (2p3) 935‘.08 - 0.53 %
F (18) 691.00 0.56 & '
0 (18) 832.61 25.81 % ;
c (1s) 285.00 48.00 %
8i (28) 183.25 25.10 & .

Total Percent 100.00 &

Figure D-32  Survey ESCA spectrum for tray D11 copper strap at
location d+2.mm.
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Hed May 20 968:16:84

M-Probe ESCR Console User ID: MELISSA

D11_83.MRS Tue May 19 23:59:02 1992 Operator: N N JOHNSOM
dednn
Spot: 408x1008) Resolution: 4 Ene gy
Scans: 20 of 28 Heutralizer: 3.8eV Counts:
Region: 1/ s Aperture: Hone
-Flllo -_
.
1 -t
-
- - o R
o ﬁ: -~ | ]
[ o) -~
M=) . b ot
7 s2as ™ . © -~
<< N 8 0w ® -~
R ~3 3 » &
-l 99 - ‘; ~ -
h ’ -t -
147 N -~
. © na
@ o~
- - B
s N
i L4 b4
T T y T N T T T
1105.97 08S.9% 665.97 44S.97 225.9¢ 8.9¢

Surface Composition Table Summary

File name: D_11_03.MRS
Regions 1
Description: d+4mm

Operator: M D JOENSON

Date: Tue May 19 23:59:02 1992
cu (2p3) 93g.24 1.45 &
F (1s) 691.03 0.62 &
0O (1s) 532.56 26.87 %
C (1s) 285.00 46.09 %
8i (28) 153.23 24.98 ¢

Total Percent 100.00 &

Figure D-33  Survey ESCA spectrum for tray D11 copper strap at

location d+4.mm.
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' Hed May 20 08:21:37 N-Probe ESCA Console User ID: MELISSA

' D.11.84.MRS Hed May 20 62:37:32 1992 Oporator: M D JOHNSON
deGmn
Spot:  480x1000) Resolution: 4 Energy:
Scans: 20 of 28 Neutralizer: 3.8eV Counts:
Region: 1/ 8 RAperturse: Hone
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surface Composition Table Summary

File name: D_11_04.MRS
Region: 1
Description: d+6mm

Operator: M D JOHNSON

Date: Wed May 20 02:37:32 1992
Cu (2p3) 93g.13 3.85 %
o (1s) 532.43 31.26 &
C (1s) 285,00 42.86 &
81 (28) 183.22 22.02 8

Total Percent 100.00 &

Figure D-34  Survey ESCA spectrum for tray D11 copper strap at
location d+6.mm.
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Hed May 28 008:26:57

M-Probo ESCA Console User ID: MELISSA

D 11_8S.MRS Hed May 20 05:16:03 1992 Operator: M O JOHNSON
d+8mn
Spot:  400x1008p Resolution: 4 Energy:
Scans: 28 of 28 Neutralizer: 3.8V Counts:
Region: 1/ 8 fperturs: None
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225.9 s.81
Surface Composition Table Summary
File name: D_11_05.MRS
Region: 1
Description: d+8mm
Operator: M D JOHNSON
Date: Wed May 20 05:16:03 1992
Cu (2p3) 932.10 8.15 &
F (1s) 689.96 0.77 &
0 (1ls) 5$32.20 37.20 &
C (is) 285.00 38.32 %
81 (28) 153.19 18.55 &

Total Percent 100.00 &

Figure D-35  Survey ESCA spectrum for tray D11 copper strap at

location d+8.mm.
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"Med May 28 88:31:85 W-Probe ESCA Console

User ID: MELISSA

D.11.96.MRS Hod May 20 87:54:33 1992 Operator: M D JOHNSOM
d+18mn
Spot: 488218080y Resolution: 4 Energy"
Scans: 28 of 20 Meutralizer: 3,80V Counts:
Region: VA ) Aperture: None
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Surface Composition Table Summary
| ‘ File name: D_11_06.MRS
Region: 1
. Description: d+10mm
: Operator: M D JOHNSON
Date: Wed May 20 07:54:33 1992
i Cu (2p3) 935.18 9.39 8
F (1s) 690.09 0.91 %
K O (1s) 532,24 40,69 &
Cc (1s) 285,00 30.12 &
8i (28) 153.21 18.88 &
Total Percent 100.00 %
o Figure D-36  Survey ESCA spectrum for tray D11 copper strap at
¥ . location d+10.mm.
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"Hed May 29 10:11:37 M-Probo ESCA Console User ID: WELISSA

' DA11.87.MR9 Tue May 19 15:89:04 1992 Oporator: M D JOHNSON
d+12mn
Spot:  408x1008)y Resolution: 4 Energy:
Scans: 28 of 28 Neutralizor: 3,8eV Counts:
Region: 1/ 8 Aperture; None
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Surface Composition Table Swamary

File name: D_11_07.MRS
Region: 1
Description: d+12mm

Operator: M D JOHNSON

Date: Tue May 19 15:59:04 1992
Cu (2p3) 935.23 8.57 &
F (18) 690.07 1.23 &
O (1s) 532.42 41.84 %
C (1s) 285.00 27.84 %
81 (2t) 153,39 20.52 &

Total Percent 100.00 &

Figure D-37  Survey ESCA spectrum for tray D11 copper strap at
location d+12.mm.
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Tue May 26 14:29:31 ¥M-Probe ESCA Console User ID: LDEF

D11081 . MRS Tue May 26 091180:15 1992 Oporator: M D JOHNSON
detdmn
Spot:  408x1008)y Resolution: 4 Energy:
Scans: 20 of 20 Neutralizer: 3,8eV Counts:
Reginn: 1/ 3 Aperture: Hone
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Surface Composition Table Summary

File name: D11001.MRS
Region: 1
Description: d+14mm

Operator: M D JOHNSON

Date: Tue May 26 09:18:15 1992
Elepeat

Cu (2p3) 934,21 0.22 %
F (18) 689.25 0.66 %
N (1s) 407.79 0.69 %
c (1s) 285.10 15,77 &
81 (28) 154.36 29.94 %
o (18) 534.71 52.72 8

Total Percent 100.00 &

Figure D-38  Survey ESCA spectrum for tray D11 copper strap at
location d+14.mm.
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Tuo May 26 14:28:57

M-Probe ESCR Conszole

User ID: LDEF

01108082. MRS Tuo May 26 108:38:29 1992 Operator: M D JOHNSOM
d+16mn
Spot: 408x16088p Resolution: 4 Energy:
Scans: 20 of 29 Meutralizer: 3.8V Counts:
Region: v 3 fAperturs: None
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Surface Composition Table Summary

File name: D11002.MRS

Region: 1

Description: d+16mm

Operator: M D JOHNSON

Date: Tue May 26 10:38:29 1992

~lement — Binding Energy _ atom $
118) 688.48 0.44 &

! (18) 408.88 0.50 &
(1s) 285.96 10.96 &
(28) 185.48 31.21 %

. {1g) $534.71 56.89 ¢

Total Percent 100.00 &

Figure D-39  Survey ESCA spectrum for tray D11 copper strap at
location d+16.mm.
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Tue May 26 14:28:31 M-Probe ESCA Console User ID: LDEF

D11003. MRS Tus May 26 11:57:52 1992 Operator: M D JOHNSON
o *Sen

Spot:  480x1000y Resolution: 4 Energy:

Scans: 28 of 20 Neutralizer: 3.8eV Counts:

Region: 1/ 3 fAperture: None
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Surface Composition Table Summary

File name: D11003.MRS
Region: 1
Description: e+S5mm

Operator: M D JOHNSON

Date: Tue May 26 11:57:52 1992
4 .Sm ’
Na (1s) 1073.30 0.33 %
F (1s) 689,31 0.64 %
C (1s) 285.38 10.54 %
8 (28) 232.21 0.29 %
81 (2s) 154.71 31.38 &
o (1s) 534,71 56.81 %

- - -

Total Percent 100.00 &

Figure D-40  Survey ESCA spectrum for tray D11 copper strap at
location e+5.mm.
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Hed May 2¢ 15:06:18 M-Prohe ESCA Console User ID: LDEF
D11004. MRS Tue May 26 13:19:19 1992 Operator: M D JOHNSON
e+1Snan
Spot:  408x1080p Resolution: L} Energy:
Scans: 28 of 20 Neutralizer: 3.8eV Counts:
Region: 1/ 3 Aperture: Mone
158888
1 ~
®
- -
A
4 -]
- A': -~ ~ ':
-~
] o) sos s
328 2~3 ? |42
T <<0 <s e <« | g -~ ~ -
v";’ el e -4 ™ [ 7N P S 2N
1 eoge 5w 8 e B -~ N )
ok O L < Y & Q& NQVQ ~
i - - R R m, B
: 3 zomges o
4 z z LR © 7
T T T T T T 1 — T T
1183 883 663 443 223 3
Surface Composition Table Summary
File name: D11004.MRS
Regions: 1
Description: e+15mm
Operator: M D JOHNSON
Date: Tue May 26 13:19:19 1992
F {(1s) 689.91 1.46 &
0 (1s) 532.58 47.67 &
N (1s) 400,36 1.06 &
C (1s) 285.15 23.14 &
Cl (2p) 198.79 0.33 &
8 (2p) 169.17 4.05 ¢
81 (28) 153.82 17.71 %
Cu (2p3) 934.17 4.58 &

Total Percent 100.00 %

Figure D-41  Survey ESCA spectrum for tray D11 copper strap at
location e+15.mm.
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u Hed May 27 15:86:43 M-Probe ESCA Console User ID: LDEF
; D1106S. MRS Tue May 26 14:41:22 1992 Operator: M D JOHNSOM
- ¢+25mn
i Spot: 400x1008p Resolution: 4 Energy:
N Scans: 20 of 290 Neutralizer: 3.0eV Counts:
Region: 1/ 3 fAperture! None
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Surface Composition Table Summary
4 File name: D11005.MRS
,'-. Region: 1
, Description: e+25mm
~ Operator: M D JOHNSON
Ty Date: Tue May 26 14:41:22 1992
T
Elspent Binding Enerqy’
F (1s) 690.00 3.16 %
e 0 (1s) 532.64 41.53 &
ol N 18) 400,38 1.80 & )
= c (ls) 285.38 31.46 & i
et Cl (2p) 199.89 0.33 % P
o s (2p) 169.24 5.73 %
L 8i (28) 154.07 8.66 %
" Na (18) 1073.69 0.43 %
Cu (2p3) 935.64 6.91 %
R Total Percent  100.00 %
Figure D-42  Survey ESCA spectrum for tray D11 copper strap at

location e+25.mm.
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Appendix E

ESCA Survey Spectra From Selected Aluminum Tray Clamp
Surfaces
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Tray: E2  Clamp: 2a-1

Element Energy Atom %
Si 25 153.8 18.10
S2s 232.3 0.89
Cls 285.0 23.60
Mga 307.5 0.84
Nis 400.0 0.80
Ols 5324 50.99
Cr2p3 577.4 1.01
Fls 689.2 0.99
Fe 2p3 711.8 1.83
Ni 2p3 855.9 0.36
Nals 1072.0 0.58

Figure E-1  Results from ESCA survey spectrum of surface location 1 of tra'r clamp E2,

Tray: E2  Clamp: 2a-2

Element Energy Atom %
Si2s 153.8 17.55
S2s 232.2 0.78
Cls 285.0 24.01
Mga 307.5 0.50
Nls 400.0 1.00
Ols 532.3 50.44
Cr2p3 577.4 1.00
Mn 2p 6419 0.37
Fls 689.2 1.29
Fe 2p3 711.8 1.67
Ni 2p3 855.9 0.53
Na 1s 1072.0 0.76

Figure E-2  Results from ESCA survey spectrum of surface location 2 of tray clamp E2.
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Tray: B7

Element
Fe 3p
Si2s
Cis
Mga
Nls
Naa
Ols
Fls
Fe 2p3
Ni 2p3
Na ls

Figure E-3
Tray: B7

Element
Si2s
S2s
Cls
Mga
Nis
Ols
Cr 2p3
Fls
Fe 2p3
Ni 2p3
Na ls

Figure E-4

Clamp: 7a-1

Energy
55.9
153.9
285.1
307.5
400.0
497.8
532.3
690.3
711.8
855.9
1072.0

Results from ESCA survey spectrum of surface location 1 of tray clamp B7.

Clamp: 7a-2

Energy
153.8

232.3
285.1
306.4
400.0
5324
577.4
686.0
711.8
855.9
1072.1

Results from ESCA survey spectrum of surface location 2 of tray clamp B7.

Atom %
1.89
20.43
22.00
1.16
1.36
2.80
46.74
1.64
0.80
0.32
0.86

Atom %
16.62
0.64
24.55
.11
0.99
49.55
0.55
2.07
1.69
0.75
1.48
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Tray: E9

Element
Si 2s
S 2s
Cls
Mga
K2s
Nls
Ols
Fls
Fe 2p3
Nals

Figure E-§
Tray: E9

Element
Si2s
Cils
K2p
Mga
Nls
Ols
Fls

Fe 2p3
Na 1s

Figure E-6

Clamp: 4c-1

Energy
153.7
232.3
285.1
307.5
378.5
401.1
533.2
689.3
711.8
1072.1

Results from ESCA survey spectrum of surface location 1 of tray clamp E9.

Clamp: 4c-2

Energy
153.9
285.1
293.6
306.5
400.0
533.1
689.3
711.8
1073.1

Results from ESCA survey spectrum of surface location 2 of tray clamp E9.

Atom %
24.44
0.79
16.34
0.65
0.72
0.94
52.15
240
0.44
1.12

Atom %
22.22
18.95
0.22
0.85
0.82
53.06
2.05
0.80
1.03
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Ele:nent Energy Atom %

Si 28 153.9 24.42
Cls 285.0 13.76
Mga 306.4 0.88
01s 533.0 57.66
F 1s 689.3 1.17
Fe 2p3 711.8 1.19
Ni 2p3 855.9 0.29
Na Is 1072.1 0.63

Figure E-7  Results from ESCA survey spectrum of surface location 1 of tray clamp AS.

Tray: A8  Clamp: 1a-2

Element Energy Atom %
Si2s 153.9 24.49
Cls 285.0 12.87
Mga 306.5 1.00
Naa 497.8 1.18
Ols 533.0 57.16
Cr2p3 576.3 0.93
Fls 689.3 0.93

Fe 2p3 711.8 1.06
Ni 2p3 855.9 0.37

Figure E-8  Results from ESCA survey spectrum of surface location 2 of tray clamp AS.
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Element Energy Atom %

Si 28 153.8 20.84
Cls 285.0 16.96
Mg 306.4 0.49
K 2s 377.4 0.47
N 1s 400.0 0.67
Ti 2p 458.1 0.31
Ols 532.3 55.86
Cr 2p3 577.4 0.79
Fls 689.2 0.59
Fe 2p3 711.8 1.75
Ni 2p3 855.9 0.39
Na Is 1072.0 0.88

Figure E-9  Results from ESCA survey spectrum of "dark" location from tray clamp A6.

Tray: A6  Clamp: 6c-light

Element Energy Atom %

Si2s 153.8 19.43

Cls 285.0 19.96

Mga 306.4 0.48

N 1s 400.0 0.59

Ols 532.4 54.73

Cr2p3 577.4 0.60 |
Mn 2p 641.9 0.30

Fls 689.2 0.52 :
Fe 2p3 711.8 1.78 1
Ni 2p3 855.9 0.67

Na ls 1072.1 0.93

Figure E-10  Results from ESCA survey spectrum of "light" location from tray clamp A6.
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Element
Si 2s
Cls
Mga
Ols
Cr 2p3
Mn 2p
Fls
Fe 2p3
Ni 2p3
Na 1s

Figure E-11
Tray: D12

Element
Si2s
Cis
Mga
Naa
Ols
Cr2p3
Mn 2p
Fls
Fe 2p3
Ni 2p3

Figure E-12

Energy Atom %
153.8 21.09
285.0 17.09
306.5 0.81
5324 56.17
377.4 0.35
643.0 0.32
689.2 0.86
711.8 1.71
855.9 0.67
1072.0 0.93

Results from ESCA survey spectrum of surface location 1 of tray clamp D12,

Clamp: 2a-2

Energy Atom %
153.8 20.98
285.0 16.10
30¢.4 0.88
497.8 1.69
532.4 56.36
576.4 0.30
640.9 0.34
689.2 0.72
711.8 1.80
855.9 0.83

Results from ESCA survey spectrum of surface location 2 of tray clamp D12,

: v-ii




Tray: G6

Element
Si2s
S2s
Cils
Mga
Ca2p
K 2s
N1s
O1ls
Cr 2p3
Fls
Fe 2p3
Zn 2p3
Na ls

Figure E-13
Tray: G6

Element
Si2s
S 2s
Cls
Mga
K 2s
N1s
O1ls
Cr2p
Fls
Fe 2p3
Na 1s

Figure E-14

Clamp* 2a-1

Energy
153.9
233.3
285.1
306.5
348.4
378.5
401.0
533.0
577.4
689.2
712.9
1022.6
1073.0

Results from ESCA survey spectrum of surface location 2 of tray clamp G6.

Clamp: 2a-2

Ener~y
153.9
233.3
285.1
307.5
378.5
401.0
533.0
576.4
689.3
711.8
1072.1

Results from ESCA survey spectrum of surface location 2 of tray clamp G6.

Atom %
18.67
1.65
21.76
0.69
0.55
1.17
0.78
49.09
0.37
2.46
0.75
0.63
1.43

Atom %
20.32
1.60
20.87
0.85
0.66
1.04
50.58
0.20
1.95
0.47
1.19

E-10
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Tray: HI1

Element
Si2p
S2s
Cis
Ca2p
K2s
Ols
Fls

Fe 2p3
Na 1s

Figure E-15
Tray: HI1

Element
Al2p
Si2s
S2s
Cils
Ols
Fls
Fe 2p3
Nals

Figure E-16

e e 5 At e

Clamp: 7a-1

Energy
103.3
232.3
285.0
348.4
378.5
533.1
686.0
711.8
1073.1

Results from ESCA survey spectrum of surface location 1 of tray clamp H11.

Clamp: 7a-2

Energy
75.2
103.3
233.3
285.1
533.2
686.0
711.8
1072.1

Atom %
29.09
0.79
11.79
0.19
0.32
56.37
0.70
0.21
0.52

Atom %
2.40
28.06
0.71
11.33
56.25
0.64
0.22
0.49

Results from ESCA survey spectrum of surface location 2 of tray clamp H11.
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Appendix F

Atomic concentrations as a function of depth for selected
stainless steel bolts from LDEF.

Depth profiles of selected bolts are presented in tabular form. Results of analysis of four control
bolts and bolts from locations A6, D2, DS, D7, E9, and H11, are included. The "depth" is
reported in minutes of sputtering prior to measurement. The average sputter rates were about

150A/minute.
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Bolt Depth Atomic

memmmmcnnmmmn_xm

Control 1-1 Surface C 69.00
0] 8.68
Ti 1.74
Na 4.33
Fe 3.63
Si 9.88
Ni 2.063
Cr 0.68

Control 1-1 0.25 C 43.81
o) 18.34
Ti 2.02
Na 4.25
Fe 10.37
Si 12.92
Ni 5.50
Cr 2.78

Control 1-1 0.5 C 20.01
o) 17.24
Ti 3.17
Na 2.44
Fe 25.97
Si 10.14
Ni 14.45
Cr 6.58

Figure F-1.  Atomic concentrations at selected depths for stainless
steel control bolt 1, area 1.
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Bolt Depth Atomic

. LD, (min) Element Concentration (%)
Control 1-1 0.75 C 12.13
: o) 9.87
Ti 2.47
i Na 1.17
Fe 39.97
Si 5.58
2 Ni 19.57
Cr 9.25
Control 1-1 1.0 C 10.67
o 5.46
Ti 3.67
Na 1.70
Fe 46.35
- Si 2.98
B Ni 18.96
Cr 10.21
Control 1-1 1.25 C 7.92
o) 4.05
Ti 2.93
Na 1.36
Fe 49.60
Si 2.73
i Ni 20.15
Cr 11.26

Figure F-1 (continued). Atomic concentrations at selected depths for stainless steel
control bolt 1, area 1.
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Bolt Depth

LD, {min)
Control 1-1 1.5
Control 1-1 1.75
Control 1-1 2.0

Figure F-1 (continued).

Element Concentration (%)

C
0
Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni

Ti
Na
Fe
Si
Ni
Cr

Atomic concentrations at selected depths for stainless steel

control bolt 1, area 1.

F-6

Atomic

6.46
2.09
3.46
1.44
52.33
2.22
20.70
11.29

6.76
2.09
3.09
1.36
51.79
2.12
21.53
11.25

5.58
1.89
2.69
1.27
52.97
2.10
21.05
12.44
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Bolt Depth Atomic
LD, (min) Element Concentration (%)

Control 1-2 Surface C 79.97

o} 4.98

Ti 1.31

Na 4.16

Fe 3.85

Si 3.15

Ni 1.56

Cr 1.03

Control 1-2 0.25 C 63.88

o) 11.02

: T 1.50
: Na 5.91
Fe 8.40
Si 4.16
Ni 3.92
Cr 1.22
| Control 1-2 0.50 C 45.48
r 0 15.45
Ti 1.58
Na 3.81
Fe 16.11

Si 6.28

Ni 7.67

Cr 3.62

Figure F-2.  Atomic concentrations at selected depths for stainless
steel control bolt 1, area 2.
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Bolt Depth

LD, (min)
Control 1-2 0.75
Control 1-2 1.0
Control 1-2 1.25
Figure F-2 (continued).

Ti
Na
Fe
Si
Ni

Ti
Na
Fe
Si
Ni

C
(o)
Ti
Na
Fe
Si
Ni
Cr

Atomic

31.15
14.56
2.05
3.22
26.82
5.08
11.68
5.44

23.65
11.73
2.20
2.22
33.75
3.64
15.95
6.85

20.88
9.45
2.04
2.16

38.60
3.51

15.98
7.38

Atomic concentrations at selected depths for stainless steel

control bolt 1, area 2.
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Bolt Depth Atomic

LD..mnnlEInmananmmn_(_%J

Control 1-2 1.5 C 18.07
o 8.30
Ti 2.01
Na 2.10
Fe 40.44
Si 3.36
Ni 17.64
Cr 8.08
Control 1-2 1.75 C 14.64
0] 7.41
Ti 2.39
Na 1.51
Fe 43.17
Si 3.17
Ni 18.79
Cr 8.92
Control 1-2 2.0 C 13.18
(o) 6.93
Ti 2.35
Na 1.38
Fe 45.68
Si 2.71
Ni 18.39
Cr 9.40
Figure F-2 (continued). Atomic concentrations at selected depths for stainless steel

control bolt 1, area 2.
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Bolt Depth Atomic

LD. (min) Element Concentration (%)
Control 1-2 2.25 C 14.15
O 4.27
Ti 2.44
Na 1.86
Fe 46.87
Si 2.89
Ni 18.53
Cr 8.99
Control 1-2 2.5 C 12.68
0] 4.39
Ti 2,78
Na 1.48
Fe 47.36
Si 242
Ni 19.06
Cr 9.83
Control 1-2 2.75 C 10.21
(0 4.47
Ti 2.35
Na 1.42
Fe 49.85
Si 249
Ni 19.50
Cr 9.71
Figure F-2 (continued). Atomic conc .ntrations at selected depths for stainless steel

control bolt 1, area 2.
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Bolt Depth

LD, {min)
Control 1-2 3.0
Control 1-2 3.25
Control 1-2 3.5
Figure F-2 (continued).

Ti
Na
Fe
Si
Ni

RzZePZh00

ZedZd00

Cr

Atomic concentrations at selected depths for stainless steel
control bolt 1, area 2,

F-11

Atomic

9.07
3.78
1.87
1.74
50.86
2.16
20.42
10.10

10.63
3.26
2.18
1.34

50.72
1.83

20.75
9.29

10.05
3.98
2.863
1.17

48.88
2.11

21.01
9.97
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Bolt Depth Atomic
Control 1-2 375 C 8.48

0 3.81

Ti 2.80

Na 1.76

Fe 49.77

Si 1.94

Ni 21.85

Cr 9.60

Control 1-2 4.0 C 7.51
0] 3.86

Ti 2.33

Na 1.54

Fe 51.54

Si 2.37

Ni 21.10

Cr 9.75

Figure F-2 (continued). Atomic concentrations at selected depths for stainless steel

control bolt 1, area 2.
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Bolt Depth Atomic

LJLme.lEIs:m:mQQnmnmﬁnn_(m

Control 2-1 Surface C 71.13
(0] 3.42
Ti 2.64
Na 6.22
Fe 5.53
Si 2.79
Ni 2.22
Cr 1.05
Control 2-1 0.25 C 55.88
(o) 12.98
Ti 2.27
Na 5.75
Fe 13.55
Si 4.55
Ni 4.20
Cr 0.82
Control 2-1 0.5 C 41.85
(0] 15.52
Ti 3.01
Na 4.79
Fe 20.24
Si 4.59
Ni 7.84
Cr 2.16

Figure F-3.  Atomic concentrations at selected depths for stainless
steel control bolt 2, area 1.
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Bolt Depth

LD, (min)
Control 2-1 0.75
Control 2-1 1.0
Control 2-1 1.25

Figure F-3 (continued).

Element  Concentration (%)

C
0
Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni

Ti
Na
Fe
Si
Ni
Cr

Atomic

33.76
14.47
2.59
3.60
26.58
5.19
10.20
3.62

30.47
12.66
2.54
3.14
30.35
5.36
12.29
3.20

27.66
12.28
2.63
2.29
31.79
5.34
12.39
5.62

Atomic concentrations at selected depths for stainless steel

control bolt 2, area 1.
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Bolt Depth

LD, (min)
Control 2-1 1.5
Control 2-1 1.75
Control 2-1 2.0

Figure F-3 (continued).

RZLIZ400

Ti
Na
Fe
Si
Ni

Q

RzZzeFZbd00

Atomic concentrations at selected depths for stainless steel

control bolt 2, area 1.

F-15

Atomic

Concentration (%)

23.64
12.35
1.85
2.23
35.26
5.29
14.02
5.37

20.49
10.76
2.56
2.34
36.71
5.78
14.27
7.10

19.16
11.09
2.79
1.75
38.77
5.36
14.62
6.45




Bolt Depth

LD. (min)
Control 2-1 2.25
Cortrol 2-1 2.5
Control 2-1 2.75
Figure F-3 (continued).

Ti
Na
Fe
Si
Ni

Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Ic
Si
Ni

Atomic concentrations at selected depths for stainless steel
control bolt 2, area 1.

F-16

Atomic

Concentration (%)

19.18
7.88
2.52
1.95

41.28
3.72

16.11
7.36

15.45
7.85
2.64
214

42.11
4.01

17.56
7.24

15.65
7.42
2.40
1.41

43.44
3.32

17.95
8.41
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Bolt Depth

LD, {min)
Control 2-1 3.0
Control 2-1 3.25
Control 2-1 3.5

Figure F-3 (continued).

Element Concentration (%)

Ti
Na
Fe
Si
Ni

Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni
Cr

Atomic concentrations at selected depths for stainless steel
control bolt 2, area 1.

F-17

Atomic

14.88
6.98
3.06
1.22

44.47
3.56

18.00
7.84

14.23
6.32
2.72
1.60

45.24
2.73

19.17
7.99

12.86
7.12
2.58
1.60

43.41
3.51

19.78
9.14
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Bolt Depth Atomic

Control 2-1 3.75 C 12.16

(o) 7.18

; Ti 3.22

X Na 1.56

Fe 44,77

Si 3.12

Ni 19.57

=, Cr 8.42

Control 2-1 4.0 C 11.56

(0] 6.54

Ti 3.40

: Na 1.91

= Fe 45.35

o Si 2.84

by Ni 19.44

Cr 8.96
Figure F-3 (¢ . .tinued). Atomic concentrations at selected depths for stainless steel

control bolt 2, area 1.
F-18




Bolt Depth Atomic
Control 2-2 Surface C 75.93
0] 6.20

Ti 2.24

Na 4.33

Fe 4.27

Si 4.49

Ni 1.83

Cr 0.72

Control 2-2 0.25 C 63.07
0] 12.33

T 1.93

Na 6.26

Fe 5.63

Si 6.10

Ni 3.33

Cr 1.33

Control 2-2 0.5 C 49.44
0] 13.39

Ti 1.61

Na 3.71

Fe 14.89

Si 6.15

Ni 7.22

Cr 3.59

Figure F-4.  Atomic concentrations at selected depths for stainless
steel control bolt 2, area 2.
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Bolt Depth

LD, (min)
Control 2-2 0.75
Control 2-2 1.0
Control 2-2 1.25
Figure F-4 (continued).

P, J—

Element Concentration (%)
C 40.45
0 10.01
Ti 2.77
Na 2.97
Fe 21.23
Si 5.73
Ni 12.16
Cr 4.68
C 35.54
0] 7.78
Ti 2.82
Na 2.50
Fe 28.02
Si 4.41
Ni 12.88
Cr 6.05
C 32.13
(@) 6.77
Ti 2.16
Na 2.31
Fe 31.88
Si 3.67
Ni 14.42
Cr 6.66

Atomic

Atomic concentrations at selected depths for stainless steel

control bolt 2, area 2.
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Bolt Depth

LD, {min)
Control 2-2 1.5
Control 2-2 1.75
Control 2-2 2.0
Figure F-4 (continued).

Element  Concentration (%)

C
o)
Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni

Ti
Na
Fe
Si
Ni
Cr

Atomic concentrations at selected depths for stainless steel

control bolt 2, area 2.

F-21

Atomic

33.06
6.91
2.71
2.49

29.88
3.63

14,23
7.09

28.99
6.71
2.67
2.10

34.24
3.67

14.83
6.79

28.53
6.22
2.34
2.22

34.41
3.56

15.35
7.38
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Bolt Depth Atomic

LD, (min) Element Concentration (%)

Control 2-2 2.25 C 24.55
0 5.68
Ti 2.169
Na 1.88
Fe 36.31
Si 3.86
Ni 16.52
Cr 8.11

Control 2-2 2.5 C 24.22
0] 6.063
Ti 2.20
Na 1.66
Fe 35.94
Si 4.56
Ni 16.51
Cr 8.°6

Control 2-2 2.75 C 24.42
(o) 5.40
Ti 3.21
Na 2.10
Fe 37.16
Si 3.70
Ni 16.42
Cr 7.59

Figure F-4 (continued). Atomic concentrations at selected depths for stainless steel

control bolt 2, area 2.
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; Bolt Depth
i LD, (min)
Control 2-2 3.0
i Control 2-2 3.25
Control 2-2 3.5
Figure F-4 (continued).

Atomic
Element Concentration (%)

C 24.29
0] 5.85
Ti 3.70
Na 1.79
Fe 37.61
Si 2.86
Ni 15.70
Cr 8.21
C 21.65
0] 4,74
Ti 2.74
Na 1.63
Fe 40.11
Si 4.25
Ni 16.40
Cr 8.48
C 20.75
o) 4.90
Ti 2.66
Na 1.77
Fe 41.33
Si 3.63
Ni 16.55
Cr 8.42

Atomic concentrations at selected depths for stainless steel

control bolt 2, area 2.
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Bolt Depth

LD, (min)
Control 2-2 3.75
Control 2-2 4.0
Control 2-2 5.0
Figure F-4 (continued).

ZedZdao00

Cr

Ti
Na
Fe
Si
Ni
Cr

Atomic
Concentration (%)

20.26
4.73
295
1.52

42.21
3.05

16.60
8.68

19.08
4.86
2.52
1.55

42.88
2.67

18.39
8.04

16.02
353
3.49
1.56

43.81
2.33

19.94
9.32

Atomic concentrations at selected depths for stainless steel

control bolt 2, area 2.
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Bolt Depth

LD, (min)
Control 2-2 6.0

Figure F-4 (continued).

Atomic

12,23
3.25
2.83
1.58

47.27
2.03

20.21

10.59

Atomic concentrations at selected depths for stainless steel
control bolt 2, area 2.
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Bolt
LD.

Control 3-1

Control 3-1

Control 3-1

Depth Atomic
(min) Element Concentration (%)

Surface C 46.38
(o) 21.22
Ti 241
Na 3.40
Fe 5.54
Si 18.21
Ni 2.18
Cr 0.65
0.25 C 17.63
(0) 28.17
Ti 2.55
Na 3.45
Fe 16.97
Si 21.85
Ni 6.10
Cr 3.28
0.5 C 15.55
(0] 18.10
Ti 3.09 .
Na 1.70 '
Fe 29.20
Si 12.12
Ni 13.90
Cr 6.34

Figure F-5.  Atomic concentrations at selected depths for stainless
steel control bolt 3, area 1.
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Bolt Depth Atomic

LD.  (min)  Element  Concentration (%)

Control 3-1 .75 C 11.91
0] 10.46
Ti 2.96
Na 2.00
Fe 39.81
Si 7.25
Ni 17.28
Cr 8.33
Control 3-1 1.0 C 9.61
0] 7.37
Ti 3.48
Na 1.19
Fe 43.26
Si 4,97
Ni 19.58
Cr 10.53
Control 3-1 1.25 C 7.19
o) 4.77
Ti 2.79
Na 1.36
Fe 48.19
Si 3.67
Ni 19.30
Cr 12.73
Figure F-5 (continued). Atomic concentrations at selected depths for stainless steel

control bolt 3, area 1.
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Bolt Depth

LD. (min)
Control 3-1 1.5
Control 3-1 1.75
Control 3-1 2.0
Figure F-5 (continued).

Element = Concentration (%)

C
0]
Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni
Cr

Atomic

6.98
3.25
3.97
0.97
51.37
2.25
19.46
11.77

6.26
1.54
2.99
1.53
51.51
2.77
20.69
12.71

4.97
1.79
2.47
1.64
53.25
1.79
21.07
13.02

Atomic concentrations at selected depths for stainless steel

control bolt 3, area 1.

F-28
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Bolt Depth Atomic

L.D..Lmin.lElsms.n.tCnnsﬁanﬁm_L@

Control 3-2 Surface C 55.50
0) 15.68
Ti 2.37
Na 6.61
Fe 6.90
Si 8.80
Ni 2.87
Cr 1.27
Control 3-2 0.25 C 14.28
(0] 28.79
Ti 3.35
Na 3.82
Fe 21.06
Si 11.21
Ni 10.07
Cr 7.43
Control 3-2 0.5 C 11.14
0] 15.21
Ti 4.29
Na 1.85
Fe 34.94
Si 7.86
Ni 17.66
Cr 7.05

Figure F-6.  Atomic concentrations at selected depths for stainless
steel control bolt 3, area 2.
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Bolt Depth Atomic

LD.  (nun)  Element = Concentration (%)

Control 3-2 0.75 C 12.26
o) 10.90
Ti 2.53
Na 2.24
Fe 39.43
Si 7.01
Ni 18.14
Cr 7.48

Control 3-2 1.0 C 13.00
0] 9.17
Ti 2.85 '
Na 2.19
Fe 41.95
Si 6.01
Ni 17.09
Cr 1.73

Control 3-2 1.25 C 10.29
(0] 7.85 N
Ti 2.25
Na 1.98 ;
Fe 44.34 .
Si 6.31
Ni 18.42
Cr 8.56

Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel

control bolt 3, area 2. ‘
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Bolt Depth Atomic

LD.  (mim)  Element  Concentration (%)

Control 3-2 L5 C 9.60
o 7.01
Ti 3.44
Na 1.77
Fe 44.93
Si 5.46
Ni 18.70
Cr 9.09
Control 3-2 1.75 C 9.16
o 7.07
Ti 2.96
Na 1.60
Fe 45.56
Si 5.96
Ni 18.16
Cr 9.53
Control 3-2 2.0 C 7.95
o 6.99
Ti 2.90
Na 2.10
Fe 46.57
Si 5.73
Ni 18.68
Cr 9.09
Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel
control bolt 3, area 2,

F-31
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Bolt Depth Atomic

LD, (min) Element Concentration (%)
Control 3-2 2.25 C 9.11
0] 6.23
Ti 3.35
Na 1.74
Fe 46.91
Si 4.04
Ni 19.09
Cr 9.53
Control 3-2 2.5 C 9.83
o 6.30
Ti 2,38
Na 1.92
Fe 47.50
Si 4,33
Ni 18.28
Cr 9.45
Control 3-2 2.75 C 8.66
o 5.42
Ti 3.35
Na 1.30
Fe 48.37
Si 4.33
Ni 19.04
Cr 9.53
Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel
control bolt 3, area 2.
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Bolt Depth Atomic

LD..mnn.lElﬁmgmﬂen&mt:aﬁnn_{.%_)

Control 3-2 3.0 C 8.49
0O 5.57
Ti 3.40
Na 1.06
Fe 46.89
Si 4.39
Ni 19.69
Cr 10.49
Control 3-2 3.25 C 8.61
o 541
Ti 4.01
Na 1.43
Fe 46.99
Si 3.96
Ni 19.63
Cr 9.96
Control 3-2 35 C 9.53
0 5.33
Ti 3.24
Na 1.34
Fe 48.08
Si 3.73
Ni 18.26
Cr 10.50
Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel
control bolt 3, area 2.
F-33




Bolt Depth Atomic

LD. (min) Element Concentration (%)
Control 3-2 3.75 C 8.53
(0] 4.82
Ti 3.16
Na 1.50
Fe 48.92
Si 3.74
Ni 19.64
Cr 9.69
Control 3-2 4.0 C 7.97
(0] 4.26
Ti 3.38
Na 1.59
Fe 49.40
Si 3.18
Ni 19.70
Cr 10.53
Control 3-2 5.0 C 8.26
0] 4.32
Ti 2.34
Na 1.05
Fe 48.98
Si 3.84
Ni 19.95
Cr 11.26
Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel
control bolt 3, area 2.
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Bolt Depth

LD, {min)
Control 3-2 6.0
Figure F-5 (continued).

Atomic

Element  Concentration (%)

C 7.53
0] 2.87
Ti 2N
Na 1.09
Fe 51.36
Si 2.72
Ni 20.83
Cr 10.88

Atomic concentrations at selected depths for stainless steel
control bolt 3, area 1.
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Bolt Depth Atomic
LD. (min) Element Concentration (%)
Control 4-1 Surface C 73.00
(0] 7.75
Ti 1.57
Na 2.97
Fe 7.81
Si 314
Ni 3.01
Cr 0.75
Control 4-1 0.25 C 29.02
o) 19.12
Ti 1.90
Na 2.11
Fe 26.32
Si 3.02
Ni 12.45
Cr 6.06
Control 4-1 0.5 C 11.05
o 5.88
Ti 2.74
Na 1.17
Fe 47.52 \
Si 1.83 !
Ni 21.48
Cr 8.33

Figure F-7.  Atomic concentrations at selected depths for stainless
steel control bolt 4, area 1.
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Bolt Depth

LD. (min)
Control 4-1 0.75
Control 4-1 1.0
Control 4-1 1.25
Figure F-7 (continued).

Element Concentration (%)

C
0)
Ti
Na
Fe
Si
Ni
Cr

Ti

Atomic concentrations at selected depths for stainless steel
control bolt 4, area 1.

F-37

Atomic

8.03
1.87
1.99
1.23
53.10
1.56
23.07
9.15

7.01
1.27
2.70
1.19
56.07
1.62
21.05
9.09

4.90
0.85
2.88
1.33
55.60
233
22.17
9.95




Bolt Depth

LD, (min)
Control 4-1 1.5
Control 4-1 1.75
Control 4-1 2.0
Figure F-7 (continued).

C
0
Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni
Cr

Atomic concentrations at selected depths for stainless steel

Atomic

Element  Concentration (%)

4,37
0.56
3.05
1.12
50.33
2.15
22.00
10.41

4.19
0.77
2.45
0.99
55.95
1.24
23.34
11.08

4.20
0.81
2.40
1.47
35.55
1.99
22,93
10.66

control bolt 4, area 1.

F-38
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Bolt
LD.

Control 4-2

Control 4-2

Control 4-2

Depth

Surface

0.25

0.5

Figure F-8.

QZ

RQZLeFZ24000

Ti
Na
Fe
Si
Ni
Cr

Atomic concentrations at selected depths for stainless

Atomic

66.99
10.46
1.25
4.94
3.49
10.04
2.11
0.71

38.68
23.67
1.72
4,73
9.67
16.66
3.36
1.50

18.74
22.18
2.04
2.22
24.53
11.31
12.95
6.03

steel control bolt 4, area 2.
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Bolt Depth

LD. (min)
Control 4-2 0.75
Control 4-2 1.0
Control 4-2 1.25

Figure F-8 (continued).

.. Attt . hmi = = s =

Element

Atomic concentrations at selected depths for stainless steel
control bolt 4, area 2.

C
(0]
Ti
Na
Fe
Si
Ni
Cr

QzeFZ2H00

F-40

Atomic

Concentration (%)

11.98
12.11
291
1.63
38.69
8.31
18.52
5.85

10.14
8.56
1.94
1.93

47.50
4.87

18.24

6.82

7.78
6.78
1.99
1.51
49.42
441
19.99
8.11

——g
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Bolt Depth

LD. {min)
Control 4-2 1.5
Control 4-2 1.75

Control 4-2 - 2.0

Figure F-8 (continued).

Element  Concentration (%)

C
@)
Ti
Na
Fe
Si
Ni
Cr

Ti
Na
Fe
Si
Ni
Cr

on

Na
Fe
Si
Ni

Atomic

7.35
5.16
2.02
1.32
52.36
4.22
19.62
7.94

6.35
4.69
2.18
2.12
5320
2.65
19.63
8.18

6.46
479
1.86
1.36
54.40
2.72
20.02
8.39

Atomic concenirations at selected depths for stainless steel
control bolt 4, area 2.

F-41
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Bolt Depth Atomic

LD. (min) Element Concentration (%)
Control 4-2 2.25 C 5.49
o 3.08
Ti 2.21
Na 1.59
Fe 56.07
Si 3.uu
Ni 20.18
Cr 8.38
Control 4-2 2.5 C 4.45
0] 3.51
Ti 2.11
Na 1.41
Fe 56.01
Si 3.29
Ni 20.23
- Cr 8.99
Control 4-2 2.75 C 505
0] 3.07
Ti 2.06
_ Na 1.01
Fe 57.18
] Si 2.52
Ni 19.94
Cr 9.18
Figure F-8 (continued). Atomic concentrations at selected depths for stainless steel

control bolt 4, area 2,

F-42
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Bolt Depth
LD. (min)
Control 4-2 3.0
Control 4-2 3.25
Control 4-2 3.5
Figure F-8 (continued).

——— H P DN . s

Element  Concentration (%)

C
O
Ti
Na
Fe
Si
Ni
Cr

Atomic concentrations at selected depths for stainless steel

control bolt 4, area 2.

F-43

Atomic

4.39
275
2.39
1.12
56.71
1.61
21.68
9.35

4.63
3.02
2.53
1.33
56.88
2.09
20.67
8.85

3.90
2.82
2.12
1.39
56.09
2.06
21.38
10.24




Bolt Depth Atomic

LD. (min) Element Concentration (%)
Control 4-2 3.75 C 4.62
(0] 3.33
Ti 2.24
Na 1.12
Fe 56.81
Si 1.92
Ni 20.47
Cr 9.48
Control 4-2 4.0 C 3.60
(0] 2.27
Ti 2.32
Na 1.44
Fe 56.44
Si 2.58
Ni 21.62
Cr 9.73
Figure F-8 (continued). Atomic concentrations at selected depths for stainless steel
control bolt 4, area 2.
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Bolt Depth Atomic

A6-6C Surface C 25.56
0] 29.98
Ca 0.83
Ti 1.60
Fe 17.66

Si 11.71

Ni 7.75

Cr 2.71

K 2.20

A6-6C 0.25 C 5.39
(0 25.83

Ca 1.42

Ti 2.98

Fe 34,55

Si 6.89

Ni 14,98

Cr 6.22

K 1.73

A6-6C 0.5 C 6.49
O 12.41

Ca 0.72

Ti 4.12

Fe 43.09

Si 5.17

Ni 20.35

Cr 6.51

K 1.14

Figure F-9.  Atomic concentrations at selected depths for stainless
steel bolt A6-6¢.
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Bolt Depth

LD, (min)
A6-6C 0.75
A6-6C 1.0
A6-6C 1.25

Figure F-9 (continued).

Element = Concentration (%)

C
o)
Ca
Ti
Fe
Si

Ni
Cr
K

C
o)
Ca
Ti
Fe

Si
Ni
Cr
K

C
o
Ca
Ti
Fe
Si
Ni
Cr
K

Atomic

5.42
7.49
0.64
3.74
50.11
3.51
22.09
6.00
1.01

4.96
6.42
0.94
3.77
50.59
3.40
22.02
6.80
1.10

4.40
5.81
1.07
4.84
52.05
3.34
20.74
6.94
0.82

Atomic concentrations at selected depths for stainless steel

bolt A6-6¢.
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Bolt Depth

LD. (min)
A6-6C 1.5
A6-6C 1.75
A6-6C 2.0

Figure F-9 (continued).

Element  Concentration (%)

C
0)
Ca
Ti
Fe
Si
Ni

~Q

ARQzedIaQ00

Atomic

5.17
5.10
0.83
4.72
51.59
3.60
21.33
6.77
0.89

4.38
5.14
0.71
4.20
52.73
3.25
20.86
8.06
0.67

4.35
491
0.93
4.34
53.90
3.40
19.61
1.74
0.82

Atomic concentrations at selected depths for stainlcss steel

bolt A6-6¢.
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Bolt Depth

LD, (min)
A6-6C 2.25
A6-6C 2.5
A6-6C 2.75
Figure F-9 (continued).

Atomic

Element Concentration (%)

daPoan

Si
Ni

0

RQQZLIAL00

RQzZzegdALQ00

6.70
5.03
1.16
5.93
49.47
3.57
19.00
8.00
1.14

6.60
4.97
1.01
5.39
49.70
3.27
19.51
8.20
1.33

5.99
4.99
0.77
5.47
50.76
3.31
19.55
8.05
1.12

Atomic concentrations at selected depths for stainless steel

bolt A6-6¢.
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Bolt Depth Atomic

A6-6C 3.0 C 5.37
0] 443
Ca 0.76
Ti 5.73
Fe 51.21
Si 3.18
Ni 19.77
Cr 8.42
K 1.14
A6-6C 3.25 C 5.48
(0 4.43
Ca 0.89
Ti 5.27
Fe 51.47
Si 248
Ni 20.57
Cr 8.39
K 1.00
A6-6C 35 C 5.89
0 4.70
Ca 1.17
Ti 5.17
Fe 50.61
Si 2.47
Ni 19.92
Cr 9.16
K 0.90
Figure F-9 (continued). Atomic concentrations at selected depths for stainless steel
bolt A6-6¢.
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) Bolt Depth Atomic
A6-6C 3.75 C 5.08
o 4,75
Ca 1.30
Ti 4.72
,: Fe 52.90
Si 2.37
{ Ni 19.07
! Cr 8.90
K 091
; A6-6C 4.0 C 5.06
(o] 4.00
Ca 1.26
Ti 4.79
Fe 53.12
Si 2.26
Ni 19.82
Cr 8.84
K 0.85
Figure F-9 (continued). Atomic concentrations at selected depths for stainless steel
bolt A6-6¢.
F-50
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Bolt Depth Atomic

LD, (min) Element Concentration ‘%)

D2-4C-1 Surface C 32.70
0] 24.04

S 0.66

Na 2.64

Fe 20.81

Si 9.10

Ni 7.53

Cr 2.52

D2-4C-1 0.25 C 8.75
(0] 24.34

S 0.51

Na 1.47

Fe 35.78

Si 4,12

Ni 18.17

Cr 6.85

D2-4C-1 0.50 C 7.10
0) 12.17

S 0.44

Na 1.36

Fe 46.13

Si 3.05

Ni 22.94

Cr 6.80

Figure F-10. Atomic concentrations at selected depths for stainless
steel bolt D2-4c, area 1.
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Bolt Depth Atomic

LD, (min) Element Concentration (%)
D2-4C-1 0.75 C 6.22
C 8.62
S 0.41
Na 0.90
Fe 50.09
Si 1.99
Ni 24.59
Cr 7.19
D2-4(C-1 1.0 C 5.94
0] 7.90
S 0.32 .
Na 1.43
Fe 50.34
Si 2.49
Ni 22.82
Cr 8.77
D2-4C-1 1.25 C 5.72
O 6.96
S 0.42
Na 1.48 ;
Fe 50.86 ‘
Si 2.40 ‘
Ni 23.10
Cr 9.06
Figure F-10 (continued). Atomic concentrations at selected depths for stainless steel
bolt D2-4c, area 1.
|
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- Bolt Depth Atomic
D2-4C-1 1.5 C 5.98
: o) 6.39
' s 0.47

Na 1.61
Fe 49.86
Si 2.61
Ni 23.44
Cr 9.64
D2-4C-1 1.75 C 5.70
0 5.64
S 0.33
Na 1.57
Fe 51.76
Si 2.33
Ni 23.23
Cr 9.44
D2-4C-1 2.0 C 5.62

: o 5.69

S 0.47

» Na 1.32
Fe 52.00
. Si 1.61
Ni 23.50
Cr 9.79
Figure F-10 (continued). Atomic concentrations at selected depths for stainless steel
bolt D2-4c, area 1.
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Bolt Depth Atomic
LI. {min) Element Concentration (%)
D2-4C-2 Surface C 50.78
(o} 17.35
T 1.17
Na 2.39
Fe 13.63
Si 6.79
Ni 6.12
Cr 1.78
D2-4C-2 0.25 C 14.25
o} 25.68
Ti 2.04
Na 2.22
Fe 29.61
Si 4.90
Ni 14.71
Cr 6.58
D2-4C-2 0.5 C 9.73
o) 8.58 A
Ti 2.57
Na 1.62 .
Fe 45.93 .
Si 2.25
Ni 22.00
Cr 7.32

Figure F-11. Atomic concentrations at selected depths for stainless
steel bolt D2-4c, area 2,
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Bolt Depth

LD, (min)
D2-4C-2 0.75
D2-4C-2 1.0
D2-4C-2 1.25

Figure F-11 (continued).

Llement  Concentration (%)

Ti
Na
Fe
Si
Ni

Q

RQzegZ=boo

C
o)
Ti
Na
Fe
Si
Ni
Cr

Atomic

6.48
3.83
3.12
1.10
51.96
1.77
23.16
8.58

5.52
2.48
2.98
1.51
53.82
1.75
22.57
9.37

5.36
2.98
1.88
1.49
54.71
1.92
21.60
10.07

Atoiic concentrations at selected depths for stainless steel

bolt D2-4c, area 2.
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: Bolt Depth Atomic

D2-4C-2 1.5 C 4,34
(0 2.38
Ti 2.58
Na 1.40
Fe 54.51
Si 1.90
Ni 21.61
Cr 11.28
D2-4C-2 1.75 C 4,78
O 2.73
Ti 2.52
Na 1.13
_ Fe 51.50
: Si 1.67
Ni 21.87
L Cr 10.80
& D2-4C-2 2.0 C 424
. o 1.70
B Ti 2.41
. Na 1.49
9.3‘,. Fe 54.23
Si 2.17
Ni 22,91
Cr 10.85

Figure F-11 (continued). Atomic concentrations at selected depths for stainless steel

bolt D2-4c, area 2.
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Bolt Depth Atomic

LD, (min) Element Concentration (%)
D5-8C-1 Surface C 44.61
(o) 19.12
Ti 2.39
Na 4.80
Fe 10.95
Si 9.69
Ni 6.50
Cr 1.95
D5-8C-1 0.25 C 14.68
0 19.10
Ti 2.77
Na 2.11
Fe 28.53
Si 9.22
Ni 17.37
Cr 6.22
D5-8C-1 0.5 C 11.13
o) 10.11
Ti 1.87
Na 1.81
Fe 41.61
Si 4.55
Ni 22.50
Cr 6.44

Figure F-12. Atomic concentrations at selected depths for stainless
steel bolt DS-8c, area 1.
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Bolt Depth Atomic
LD. (min) Element Concentration (%)

DS5-8C-1 0.75 C 9.57
(0] 6.97
Ti 1.48
Na 2.07
Fe 48.27
Si 2.76
Ni 22.13
Cr 6.77
D5-8C-1 1.0 C 7.90
0] 5.07
Ti 2.22
Na 1.24
Fe 52.28
Si 3.33
Ni 21.62
Cr 6.35
D5-8C-1 1.25 C 6.55
0] 4.63
Ti 1.98
Na 1.91
Fe 51.95
Si 243
Ni 23.12
Cr 7.44
Figure F-12 (continued). Atomic concentrations at selected depths for stainless steel

bolt D5-8c, area 1.
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Bolt Depth Atomic

LD. (min) Element Concentration (%)

D5-8C-1 1.5 C 7.52
o 4,04

Ti 2.22

Na 1.79

Fe 50.66

Si 2.70

Ni 22.96

Cr 8.11

D5-8C-1 1.75 C 5.18
o 4.79

Ti 2.10

Na 1.27

Fe 52.41

Si 2.43

Ni 23.42

Cr 8.40

D5-8C-1 2.0 C 5.92
o 4.14

Ti 2.02

Na 1.63

Fe 53.08

Si 2.17

Ni 23.18

Cr 7.88

Figure F-12 (continued). Atomic concentrations at selected depths for stainless steel
bolt D5-8c, area 1.
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Bolt Depth Atomic

D5-8C-2 Surface C 67.83
o 10.12

Ti 2.01

Na 2.84

Fe 4,95

Si 10.05

Ni 1.27

D5-8C-2 0.25 C 51.72
0] 16.32

Ti 2.25

Na 3.62

Fe 7.93

Si 13.43

Ni 3.25

Cr 1.49

D5-8C-2 0.5 C 39.04
0] 18.85

Ti 2,09

Na 2,61

Fe 13.10

Si 15.64

Ni 5.48

Cr 3.19

Figure F-13. Atomic concentrations at selected depths for stainless
steel bolt D5-8c, area 2,
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Bolt Depth

LD.  (min)  Element  Concentration (%)

D5-8C-2 0.75
D5-8C-2 1.0
D5-8C-2 1.25

Figure F-13 (continued).

C
)
Ti
Na
Fe
Si
Ni
Cr

LdFZI00

Ni
Cr

Ti
Na
Fe
Si
Ni
Cr

Atomic concentrations at selected depths for stainless stee]

bolt D5-8c, area 2.

F-61

Atomic

31.40
17.62
2.88
3.27
19.28
13.10
8.92
3.52

26.87
16.13
3.18
3.19
24.00
10.45
11.05
5.14

24.59
13.83
3.09
2.99
29.44
8.75
11.71
5.60
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Bolt Depth

LD, {min)
D5-8C-2 1.5
D5-8C-2 1.75
D5-8C-2 2.0

Figure F-13 (continued).

Element Concentration (%)

C
0
Ti
Na
Fe
Si
Ni
Cr

Ti
Na

Si
Ni

Ti
Na
Fe
Si
Ni

Atomic concentrations at selected depths for stainless steel

bolt D5-8c, area 2.

F-62

Atomic

22.01
12.43
2.29
1.82
32.51
7.92
13.79
7.23

21.98
10.86
2.53
1.48
35.20
6.03
14.70
7.22

18.93
10.33
2.71
1.92
38.56
v 5.19
15.42
6.95

N R



Bolt Depth Atomic

LD, (min) Element Concentration (%)
D5-8C-2 2.25 C 23.03
o 9.99
Ti 3.47
Na 1.81
Fe 35.05
Si 6.83
Ni 14.62
Cr 5.21
D5-8C-2 2.5 C 19.44
o 10.84
Ti 2.62
Na 1.94
Fe 37.85
Si 6.43
Ni 14.40
Cr 6.48
D5-8C-2 2.75 C 19.06
o 9.16
Ti 3.12
Na 3.98
Fe 36.64
Si 5.10
Ni 15.59
Cr 7.36

Figure F-13 (continued). Atomic concentrations at selected depths for stainless steel
bolt D5-8c, area 2.
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Bolt Depth

LD, (min)
D5-8C-2 3.0
D5-8C-2 3.25
D5-8C-2 35

Figure F-13 (continued).

Element Concentration (%)

Na
Fe
Si

QzZ

RZePdgZA300

Ti
Na
Fe
Si
Ni

Atomic concentrations at selected depths for stainless steel
bolt D5-8c, area 2,

F-64

Atomic

17.52
9.15
293
2.06

39.57
6.02

15.56
7.19

17.92
10.10
3.06
2.27
37.63
5.35
16.07
7.60

15.70
8.34
3.96
1.91

41.38
5.77

16.07
6 86
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Bolt Depth Atomic
LD. (min) Element Concentration (%)
D5-8C-2 3.75 C 14.65
(0] 8.16
Ti 2.83
Na 1.82
Fe 41.51
Si 5.46
Ni 17.01
Cr 8.55
D5-8C-2 4.0 C 14.40
0] 8.17
Ti 3.54
Na 1.87
Fe 41.56
Si 5.14
Ni 16.87
Cr 8.44
D5-8C-2 5.0 C 12.23
(0] 7.48 |
Ti 3.62 :
Na 1.82 Ny
Fe 43.89 |
Si 4.46 '
Ni 18.50
Cr 7.99

Figure F-13 (~ontinued). Atomic concentrations at selected depths for stainless steel
bolt D5-8c, area 2.
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Bolt

D5-8C-2

D5-8C-2

_ D5-8C-2

Figure F-13 (continued).

A

6.0

7.0

8.0

Atomic concentrations at selected depths for stainless steel

bolt D5-8c, area 2.

F-66

Atomic

11.00
6.89
3.00
1.89

45.81
3.94

18.79
8.72

9.49
5.31
3.27
1.35
48.12
3.4
20.01
9.02

8.79
4.82
4.16
1.46
48.51
240
19.93
9.93
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Bolt Depth Atomic

LD (nin) Element Concentration (%)
D5-8C-2 9.0 C 8.75
0] 4,73
Ti 2.72
Na 1.23
Fe 49.36
Si 2.52
Ni 20.68
Cr 10.00
D5-8C-2 10.0 C 8.33
0] 4.20
Ti 3.50
Na 1.12
Fe 49.78
Si 3.28
Ni 20.42
Cr 9.38
Figure F-13 (continued). Atomic concentrations at selected depths for stainless steel

bolt D5-8c, area 2.
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Bolt Depth Atomic

LD, (min) Element Concentration (%)

D7-7a Surface C 15.37
0 17.99

Ca 4,03

N 343

Fe 21.61

Si 16.29

Ni 11.01

Mg 3.20

Al 7.07

D7-7a 0.25 C 8.61
(0] 15.58

Ca 5.77

N 3.26

Fe 33.19

Si 8.82

Ni 16.58

Mg 2.15

Al 6.03

D7-7a 0.5 C 6.95
o) 6.59

Ca 4.07

N 3.29

Fe 46.75

Si 5.30

Ni 20.31

Mg 1.82

Al 4.92

Figure F-14. Atomic concentratior.; at selected @ "s for stainless
steel bolt D7-7a.
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Bolt

D7-7a

D7-7a

D7-7a

Depth
(min)

0.75

1.0

1.25

Figure F-14 (continued).
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Mg
Al

Atomic concentrations at selected depths for stainless steel

bolt D7-7a.
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Atomic

Congentration (%)

6.36
2.84
1.68
2.92
55.56
2.73
23.14
1.79
2.98

6.07
2.25
1.42
2.68
57.29
1.73
23.92
1.53
3.12

6.14
1.47
1.42
3.10
56.65
1.28
23.93
1.65
4.35
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Bolt Depth Atomic
: LD. (min) Element Concentration (%)
K D7-7a 1.5 C 4.17
0 0.82
Ca 1.17
. N 3.10
Fe 58.24
Si 1.38
3 Ni 24.69
- Al 4.71
D7-7a 1.75 C 5.03
- o) 0.56
i Ca 1.18
, N 3.18
Fe 58.63
i Si 1.19
Ni 24.46
Mg 2.90
. Al 2.88
D7-7a 2.0 C 3.43
o) 0.80
) Ca 0.68
a N 3.23
- Fe 59.15
= Si 1.48
-l Ni 24.90
Mg 1.87
Al 4.47
Figure F-14 (continued). Atomic concentrations at selected depths for stainless steel
- bolt D7-7a.
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Bolt Depth Atomic

Ln.LminlEI:mgmﬂnnmmmn_L%J

E9-4C Surface C 6.86
o 21.70

Ca 1.41

Ti 2.49

Fe 26.96

Si 19.95

Ni 15.41

Cr 5.23

E9-4C 0.25 C 5.15
(o) 16.96

Ca 1.95

Ti 2.38

Fe 38.19

Si 8.58

Ni 18.16

Cr 8.63

E9-4C 0.5 C 6.22
o) 6.26

Ca 1.23

Ti 1.97

Fe 47.50

Si 4.03

Ni 22.52

Cr 10.27

Figure F-15. Atomic concentrations at selected depths for stainless
steel bolt E9-4c.
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Bolt

E9-4C

E9-4C

E9-4C

U

Depth
(min)

0.75

1.0

1.25

Figure F-15 (continued).

4,

s e e+t e e

Atomic

Element Concentration (%)

C 5.18
O 3.32
Ca 0.79
Ti 1.83
Fe 52.53
Si 2.34
Ni 23.26
Cr 10.75
C 5.94
o 1.77
Ca 0.84
Ti 2.73
Fe 53.57
Si 1.50
Ni 22.97
Cr 10.67
C 3.39
o 1.74
Ca 0.76
Ti 2.29
Fe 55.41
Si 1.46
Ni 24.36
Cr 10.59

Atomic concentrations at selected depths fc stainless steel

bolt E9-4c
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Bolt Depth

LD, (min)
E9-4C 1.5
E9-4C 1.75
E9-4C 2.0

Figure F-15 (continued).

Atomic

4.55
1.52
0.91
2.38
35.99
1.34
22.99
10.33

3.11
1.23
0.68
3.16
54.99
1.82
23.55
11.47

3.55
1.19
0.58
2.21
56.72
1.12
23.54
11.09

Atomic concentrations at selected depths for stainless steel

bolt E9-4c
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Bolt Depth Atomic

LD, {min) Element Concentration (%)
H11-7A Surface C 10.73
0 26.30
Ca 1.32
Ti 2.51
Fe 23.32
Si 22.97
Ni 8.08
Cr 4.78
H11-7A 0.25 C 7.15
@) 20.04
Ca 2.43
Ti 1.88
Fe 35.28
Si 9.96
Ni 15.36
Cr 7.90
H11-7A 0.5 C 8.63
@) 9.85
Ca 1.96
Ti 2.29
Fe 45.15
Si 3.97
Ni 18.47
Cr 9.69

Figure F-16. Atomic concentrations at selected depths for stainless
steel bolt H11-7a.
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Bolt Depth Atomic

LD. {min) Element Concentration (%)

H11-7A 0.75 C 7.44
o) 5.75

Ca 1.31

Ti 2.66

Fe 50.52

Si 2.79

Ni 20.10

Cr 9.43

H11-7A 1.0 C 6.63
(0] 4.39

Ca 1.33

Ti 3.47

Fe 52.01

Si 2.23

Ni 20.10

Cr 9.84

H11-7A 1.25 C 5.59
0] 3.82

Ca 1.13

T 2.73

Fe 54.81

Si 2.18

Ni 19.37

Cr 10.37

Figure F-16 (continued). Atomic concentrations at selected depths for stainless steel
bolt H11-7a.

F-75




Bolt Depth Atomic

LD, (min) Element Concentration (%)

H11-7A 1.5 C 5.41
(0] 4.22
Ca 1.22
Ti 2.97
Fe 54.01
Si 2.41
Ni 19.83
Cr 9.93
H11-7A 1.75 C 5.90
0] 4.06
Ca 1.05
Ti 3.14
Fe 53.36
Si 2.26
Ni 19.90
Cr 10.32
H11-7A 2.0 C 5.43
0) 3.76
Ca 1.28

Ti 4.01 .

Fe 54.02 ‘

Si 2.37 ‘
Ni 19.37
Cr 9.76

Figure F-16 (continued). Atomic concentrations at selected depths for stainless steel
bolt H11-7a.
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Appendix G

Results of high resolution ESCA on LDEF bolts from selected
locations

The high resolution spectra shown in this appendix were obtained to identify the type and relative
amounts of silicon containing compounds on exposed bolt surfaces from LDEF. High vacuum
silicone grease rubbed onto a gold substrate was used as the source to establish the energy of the Si
2p peak in silicone based material. A 1000A layered SiO2 on a silicon wafer was used to establish
the energy of the Si 2p peak for “inorganic" silicon containing compounds. For silica type ma and
for silicones the peak width is 1.5eV. Bolts D3-2b, location 1, and F11-5a, appear from analysis
of the spectra to contain only silica based material. The carbon 1s spectra were obtained as
reference points to establish the true energies of the silicon peaks.
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Figure G-1. Carbon 1s spectrum for SiU_/Si reference standard.
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Figure G-3. Carbon 1s spectrum for silicone grease on the reference standard.
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Figure G-6. Carbon 1s spectrum for bolt C12-6a, position 1.
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Figure G-7. Silicon 2p spectrum for bolt C12-6a, position 1.
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Figure G-8. Carbon 1s spectrum for bolt C12-6a, position 2,
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Figure G-9. Silicon 2p spectrum for bolt C12-6a, position 2.
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Figure G-10. Carbon 1s spectrum for bolt C4-8a, position 1.
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Figure G-11. Silicon 2p spectrum for bolt C4-8a, position 1.
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Figure G-12. Carbon 1s spectrum for bolt C4-8a, position 2.
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Figure G-14. Carbon 1s spectium for bolt C8-2a, position 1,
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Figure G-17. Silicon 2p spectrum for bolt C8-2a, position 2.
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Figure G-18. Carbon 1s spectrum for bolt D3-2b, position 1.

i



¢ Q=Y v

it

627-v6 # 3Joday ONIH3INIONT WIILATVNY  :dNOH9 3IvdS ONV 3SNIJ30 SNI08
(A®) ABuaul Butputd
G°t6 G°86 G°'66 G EOT G L0V -3 22
- R N R P ..{i’li' \\|||l.\|.l.\‘llnxlu|lll. .............
.,./.,/ - \
LAY \
| N, j
IR} /
v K \
4 /—. \
/w \s
\v .
R L\
[} [w]
t o
/ \ ..w c
\ K 3
\ .\ &
des V4o -
= / o’ u\
v

- ’O Qn

\

/. \ 0°69 GH06E 69°F or "€0%
v2-2 ;eJanbdTug /.\ 0°3€ 2.6 99°F  €9°TOF
00°0 Kajeunisy \/ % sauy yIpte  ABusuly
uetsensy uom Aouo:. %eed . ) ) . . . . 0005

$ uotatrsod
fea :Jo3edadg g2-€0a peay 310qQ :uot3dtJosag
2 ‘uotinjosat Ot :suedg 340 ¢ 9¢864d -Istd 2 uotbay
3uoN :aunjJady |A3 0°0 :ung Poold n 00t :300s| v66T/¥E/0F ‘@3eQ avr6320t%c altd

Figure G-19. Silicon 2p spectrum for bolt D3-2b, position 1.
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Figure G-22. Carbon 1s spectrum for bolt C4-4c, position 1.
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Figure G-23. Silicon 2p spectrum for bolt C4-4c, position 1.
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Figure G-24. Carbon 1s spectrum for bolt C4-4c, position 2.
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Figure G-26. Carbon 1s spectrum for bolt F1-6b, position 1.

G-31



o

625-v6 # JJodey

+°0—-v

ONIHIINIONT TYOLLATYNY  dNOH9 30VdS ONV 3SN3430 INI308

(An8) ABusu3l Butputd
E"LIE €56 €°66 €°€0F €°L0F 38 29

auoN :aJunjJady A3 0°0 :un9 poold

& 5 / \\

/ \ 9°09 FEURIE SL°F 89°20%

@2 msenhe Ty | \ 266 9@YZ 00°'F  90°%0%

. 00°0 Kajsumisv /(  J essy  UIWIN  ABueu3

- UBTESNES 208 TOPON XeSd :
2 'Y A A i L 2 2 2 ooom
t uoy3ysod

oA :JO3IRJado €9-104 peay 31049 :wwoy3diJdsag
2 -uogantoesy QF :8ueds jo # 92868 :38t0 2 uotBay

n oot :30ds| v66%7/12/0% ‘83ed ov633012 81td

G-32

-

Figure G-27. Silicon 2p spectrum for bolt F1-6b, position 1.
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Figure G-28. Carbon 1s spectrum for bolt F1-6b

G-33

O

Y
v

- gp—




621-v6 # 3Joday

v°t6 v G6 v°66

/o9 =

ONIUIINIONT TVOLLATVNV  dNCHI 3IvdS ONV 3ISNIJ30 SNIZ06
(A8) ABuau3l Buyputg

v €0V ¥°LOT 1 AR 224

@« S

882 sJendE W)
00°0 Rs3oumisy
ustesneg %08 LEPON NEed

—
'\.,.‘
\\
83uNn0g

9°0L 008y €8°F /8°20%
v-a2 IS8 L9°'% 08°%0%
. seJy yIpT  ABusul

) . ) 0005

1eA :yojedadg

' 2 conﬁupoa ‘

g9-104 peay 3toq uot3drudsag

2 uorINTosay
QUON :3Jn3Jady jA® 0°0 un9 poold

07 sueds jo ¢
n 00E :30dS

9268649 2810
v661/v2/0v @3ed

2 uotGay
vr6300ve @91%d

Figure G-29. Silicon 2p spectrum for bolt F1-6b, position 2.
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Figure G-31. Silicon 2p spectrum for bolt F5-7a, position 1.
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Figure G-33. Silicon 2p spectium for bolt FS5-7a, position 2.
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¢ G-34. Carbon 1s spectrum for bolt F11-5a, position 1.
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Figure G-35. Silicon 2p spectrum for bolt F11-5a, position 1.

SPPNEN

o
S



621-v6 :# juoday

SNIUIINIONT IVIILATYNY  dNOH9 3IVdS ONV 3ISNIJ430 INIF0E

(A8) ABusu3 Guypurg

0°GLe 0°6L2 0°€82 0°s82 0°162 0°S62
- * e L. ...lll.lrrrl...-. ————— .
= -
(]
(<]
[~
o |
or
(]
m_\v
/
~ H €s 968y G9°'F  09°@82
' $°E2 L2088t Or°v  60°9682
re'e ssendeT Ul . ~\ 9°68 36SLy 99°t  9E°QE2
00°0 AuIeuuiey / X 8y  yIpTM  ABusul
uetEsnNey X068 :TSRON Nesd
A P L 1 L A N3 Il A ooom
2 uotjrsod
1eA :Jojeuadg vG-114 peay 3roq oy 3ydyrJasag
¢ -uotingosay Ot suedg jo ¢ 928648 Ista € uotbay
8uoN :aunjJady IA8 0°0 :ung pooT4 n 00€E :30ds| vE6T/r2/0% :a3eq Ir5I0ve dBrry

Figure G-36. Carbon 1s spectrum for bolt F11-5a, position 2.

G-41

g

a\w

o

R \Y




621-v6 # JJoday

- &

\u w\w \qv\l '\Q.w.w.‘

ONIHIINIONI TWIILATVNY  dNOH9 3IVdS ONV 3SNI4I0 9NI308

SUON :aJnluady

A3 0°0 ung poord n 00€ :3jods

v661/v2/01 ‘a3eg

(A8) ABuau3z 6urputrg
2°16 2’86 2’66 2 '€0F e°Lotv 28221
1
o
o
[ =4
[} p= |
[ o
.. ]
o ]
d¢ VLo
]
ow - " N\n
Y|
/ 8'0L 62/38 09°'F O0E°EOF 4
€9°¢ :edenbe yun O $°62 EO0NLE T9°F v Zos
o0 Kayouuiey / \ 3 esuy 4IPTN  ABusul
ustsenNeg X068 :T8POoN Need .
L L i 1 L ..- 1 - A °°°°“
2 uotitsod
[eA yojedadg vG-¥¥4 pesy 3foq :uog3dtuasag
¢ -uotrinjosay OF ‘sueads j0 ¢ 926869 :I8ta 2 uotbay

Ar6330ve BIltd

Figure G-37. Silicon 2p spectrum for bolt F11-5a, position 2.
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Figure G-39. Silicon 2p spectrum for bolt C12-6¢, position 1.
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Figure G-40. Carbon 1s spectrum for bolt C12-6¢, position 2.
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Figure G-41. Silicon 2p spectrum for bolt C12-6c¢, position 2.
G-46

\'\

A




621-v6 # IJoday

4 g Q
A2 - <20 o

- -

ONIYIINIONT TVOLLATVNY  dNOHS 3DVdS ONV ISNIJ30 ONI308

(A8) ABuauz Butputg
E°T6 £°G6 €°66 € €0V € L0} [ 13 —
L3 L L ] L A s L] L] . L4 Qm M.
L - - - . )/ \\ 7 - . 8%
- * / . ) O - =3
* / \ D
\ ’ . —
\ v g
\ H .k ' !
= ! \ 14 0 )
v fe) L]
W. oa \ \ m m
DAY \ 3 g S u
8 \} ; f, o» 3
W 'a ~'¢o k m. G
- N \ \ \\ 1 1)
< /l\s A » -
— J
de / \ =
S \ ! g
, / \ D
, A A 608 20S¥E @8°F OE°E0F nw
62 st T / $°6r SB9EF 49°F  0F°20% o
(3] Ruyeamhsy v/ 3 esay  uIPIM ABusul hi
USTESNEY K06 IEPON Xeed .. S
'8 A A A L A Iy A A °°°~
t uorjytsod m
. TeA 140304300 08-900 PeEay 3[0q  :U0Y3dTuIsD 2 S
M 2 -uotintossy 0t sueds j0 ¢ 928648 -Istd 2 uotfiay m
. auon:eJnjuady jAd 0°0 :ung pootrd n Qo€ :30ds | v66T/G2/0F 83ed v¥639062 91t B
-.. JM\\
Z
2
] f O sz ' R - N - e T




———

ONIHIINIONT WOILATVNY  :dNOH9 3IvdS ONV 3SN3430 SNI30H

621-p6 :# 3Joday
(A8) ABusu3z Bugputg
0°'Gs2 0°6L2 0°€a8e 0°s82 0°¥62 0°S6¢e
s llNll/ lllllll SoT T T e e o
. \\ /¢ ’, “
- /, K \A, L
/ \ \ /'
Yo // /
~‘\
2 .. \ R
! (=]
' c
] pe |
\ 5
P °
1
- .\ -
1
[ 84
1
S / ...\
1
- .n\ y'52  GBESS £9'F  ¥0°682
/ ' 9°6F  L20%F  L8°F wL962
€9°'% eJenbe™TYd ..\ 5°20 Gveer 90°F EE'SE2
€0°0 Kayeuuiey i s esuy  yITR ABusu3
uetssnes %08 [EPON %Xeed
s L I3 A A L A L .\ ooom
1 uoratsod
1eA :JojeJsadp 98-900 Peay 3roq :o0t3dTJasag
2 uotyntossy 0F 8URJS jO ¢ 92864 28td € uotbay
8ugoN :aJunjJady |[A3 0°0 :ung pootd n 00€ :30¢s| v661/G52/0V @83ed v¥6330S2 91td

Figure G-43. Silicon 2p spectrum for bolt D6-8c, position 1.

G-48



62¥-v6 # 3JJoday ONIHIINIONT WOILATYNY  :dNOHS 3DOVAS ONV 3SN3430 9NI30d
(A3) A6uau3l Butputrg
0°Gse 0°642 0°e8e 0°.L82 0°162 0°'562
) »00 " kalhlol‘-hn:/'""’ Rl
) Izr lllll\l\llll”h.ll‘f !!!!!!! g i
i /r \ VA\ \\.\‘ i ]
/ \ \s /'
v -
/ ~. \.\.l/ \
Y] U N
R
R R’ .
\ \ (o]
1 [=]
17 c
1 \ P |
] (34
|/ 2
]
o ' J
' f
t
1]
o | il
- ’. i 4 S°'52 68ISF G9'FT G8'gE: -
./.\ 8’02 eSOt  /L9°'F eG°9e2
(- 744 1 sumnbe— sy ( 8'¢s 0880y 28°F 92°gES
00°0 Kajeuwiey 3 % LT UIdTH  KBusuz
UBTSSNEH X068 :TOPON NVad
A Iy 4 4 ' L Il 'l 4 ooom
2 uor3yrsod
tea uojedadp 38-900 peay 3roq :uotjdyJyasag
¢ uorjnrosay 07 suedg jo ¢ 92864 :98tQ € uotBay
3UON :aunjuady A3 0°0 :ung poor4 n 00€ :30ds| ¥66F/S2/0% :a3eq ar6330G62 a3ttty

Figure G-44. Carbon 1s spectrum for bolt D6-8c, position 2.
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Figure G-47. Silicon 2p spectrum for bolt F1-4b
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Figure G-48. Carbon 1s spectrum for bolt F1-4b, position 2.
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Figure G-49. Silicon 2p spectrum for bolt F1-4b, position 2.
G-54

P %




ONIUIINIONT TVOILATVNY  dNOHS 30VdS GNV 3ISNI430 ONIZ08

621-v6 # 3JJoday
(A8) KBJau3z Butputg
0°GLe 0°6L2 0°€8e 0°s82 0°v6e 0°G62
....n'ov-o ..'oo‘-o'von»a.o ..o...o».ooo.o .. . .l.l'..ll'.ll"lll llllll . e . ] . )
N S T e T
\ N A/
= ro \ ¢ / -
/ N LNy /
’ b
IAY /
: -.\ A
! i/ ]
] o
T4 g
~ 2
\ i g
~O
L ] -
3
1}
| ]
[
]
]
|
- y £4°6F 02662 ©9°F 6,982
Sl ’ . 0'9F  lrEvEZ v $9°962
€8°s eJenbe™iug M €'v L¥u8 ¥R’ ET2UeeR
000 Razounisy / 4 seuy UIPIN  A0usul
ueTesnED X06 :1GPON Xeed %4 0000%
¥ uotr;tsod
18A :JojeJadg 09-€08 peay 310q  :uot3IdTJIseQ
¢ uotnfosay OV 8ueds jo ¢ 92864 98%d € uotbay
auoN :aun3juJady |A® 0°0 :ung poord n 00€ :30ds| vE6Y/S2/07 :@3eg 3r6330Ge BItd

B L NSy DO

.;,

Figure G-50. Carbon 1s spectrum for bolt B3-6c¢, position 1.
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Figure G-Si. Silicon 2p spectrum for bolt B3-6c, position 1.
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Figure G-53. Silicon 2p spectrum for bolt B3-6c, position 2.
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